12 United States Patent

Ichikawa et al.

US012085707B2

US 12,085,707 B2
Sep. 10, 2024

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

(%)

(21)
(22)

(65)

(63)

(1)

(52)

(58)

WIDE-ANGLE OPTICAL SYSTEM AND
IMAGE PICKUP APPARATUS USING THE
SAMLE

Applicant: OLYMPUS CORPORATION,
Hachiog (JP)

Inventors: Keisuke Ichikawa, Tama (JP); Takashi
Fujikura, Hamura (JP); Shinichi
Mihara, Tama (JP); Yoshihiro Uchida,
Hachiog (JP)

Assignee: OLYMPUS CORPORATION, Tokyo
(IP)
Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 853 days.

Appl. No.: 17/189,353

Filed: Mar. 2, 2021

Prior Publication Data

US 2021/0255440 Al Aug. 19, 2021

Related U.S. Application Data

Continuation of application No.
PCT/IP2019/008033, filed on Mar. 1, 2019.

Int. CIL.

GO02b 15/14 (2006.01)

GO02b 23/24 (2006.01)

U.S. CL

CPC ... GO02B 23/243 (2013.01); GO2B 15/143507

(2019.08)

Field of Classification Search
CPC e, GO02B 23/243; GO2B 15/143507

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
5,949,589 A 9/1999 Nakazawa
6,246,529 Bl 6/2001 Sensui
6,317,270 B2 11/2001 Nagaoka
7,016,120 B2 3/2006 Achtner et al.
(Continued)
FOREIGN PATENT DOCUMENTS
JP H10260346 A 9/1998
JP 2000131606 A 5/2000
(Continued)

OTHER PUBLICATTONS

JP 2016184136, translation (Year: 2016).*
(Continued)

Primary Examiner — Wen Huang
(74) Attorney, Agent, or Firm — Holtz, Holtz & Volek PC

(57) ABSTRACT

A wide-angle optical system 1s a wide-angle optical system
having a lens component, and includes 1n order from an

object side, a first lens unit having a negative refractive
power, a second lens unit having a negative refractive power,
and a third lens unit having a positive refractive power. At
the time of carrying out a focal-position adjustment from a
far point to a near point, the second lens unit 1s moved from
a {irst position toward a second position. The third lens unit
includes not less than three lens components. Not less than
three lens components include a first lens component and a
second lens component. Each of the first lens component and
the second lens component has a positive refractive power,
and following conditional expression (1) 1s satisfied:

0.8<3L12/fL<6.0 (1).

34 Claims, 33 Drawing Sheets




US 12,085,707 B2

Page 2
(56) References Cited JP 2018189733 A 11/2018
JP 2019015958 A 1/2019
U.S. PATENT DOCUMENTS JP 2019184733 A 10/2019
WO 2014129089 Al 8/2014
8,203,793 B2  6/2012 Wada et al. WO 2016067838 Al 5/2016
8,345,357 B2 1/2013 Imoka WO 2017199614 Al 11/2017
8,665,537 B2 3/2014 Roth et al. WO 2018173412 A1 9/2018
8,717,684 B2  5/2014 Sano et al. WO 2020178883 Al 9/2020
8,824,059 B2  9/2014 Kato et al. WO 2020178884 Al 9/2020
8,867,147 B2  10/2014 Kimura WO 2020178885 AL 9/2020
8,908,273 B2  12/2014 Fujimoto WO 2020178886 Al 9/2020
8,934,176 B2 1/2015 Yamagamu et al.
9,097,881 B2 8/2015 Yamagami
9,110,278 B2 8/2015 Sugita OTHER PUBLICATIONS
g:#gg:ig% g% 18//382 g;iwa et al. International Preliminary Report on Patentability (IPRP) (and Eng-
9,952,416 B2 4/2018 Ichikawa lish language translation thereof) dated Sep. 16, 2021, 1ssued In
9,958,653 B2 5/2018 Ichikawa counterpart International Application No. PCT/JP2019/008032 which
9,958,656 B2 S/ 20'_“8 Kawamura et al. 1s an International counterpart of related U.S. Appl. No. 17/184,784.

118 (ﬁfl g (1)% E% igggg Emia? International Preliminary Report on Patentability (IPRP) (and Eng-

10.191.253 B2 1/203:9 Tehikawa ef al lish language tranglati_on thereof) dated Sep. 16, 2021, _issut_ad in

10,191,258 B2 1/2019 Tchikawa et al. Intemat%ona:. Application No. PCT/JP2019/008034 (which 1s an

10,197,768 B2 2/2019 Ichikawa et al. International counterpart of related U.S. Appl. No. 17/189,679).

10,197,769 B2 2/2019 Ichikawa et al. International Search Report (ISR) (and English language translation

10,274,705 B2 4/2019 Ichikawa et al. thereof) dated Jun. 4, 2019, issued in International Application No.

10,288,856 B2 5/2019 Fuikura et al. PC'T/JP2019/008028.

1056563399 B2 5/2020 Fwikura et al. International Search Report (ISR) (and English translation thereof)

10,663,705 B2 5/2020 Ichikawa et al. dated Apr. 23, 2019 issued 1n International Application No. PCT/

10,768,396 B2 9/2020 Kawamura et al. TP2019/008032.

10,830,991 B2 1172020 Ichikawa et al International Search Report (ISR) (and English translation thereof)
ggogigégg?gg i }?%8(1)3 ‘é;llll;n:g :flt al. dated Jun. 4, 2019, 1ssued in International Application No. PCT/
2011/0002046 Al 1/2011 Wada et al. 1P2019/008034. . . .
7011/0032606 Al 77011 Tmaoka U*S*ApplzNo. 17/ 184,78_4, First Named Inventor: K_elsuke Ichikawa;
2011/0116172 Al 5/2011 Yamagami et al. Tlt_le: “Wide-Angle _Optlcal System and Image Pickup Apparatus
2011/0317282 Al  12/2011 Kimura Using the Same”; Filed: Feb. 25, 2021.

2012/0019926 Al 1/2012 Yamagami U.S. Appl. No. 17/189,679, First Named Inventor: Takashi Fujikura;
2012/0069441 Al 3/2012 Fujimoto et al. Title: “Wide-Angle Optical System and Image Pickup Apparatus
2012/0307374 Al 12/2012 Kato et al. Using the Same”; Filed: Mar. 2, 2021.

2013/0265653 Al 10/2013  Kimura U.S. Appl. No. 17/190,453, First Named Inventor: Takashi Fujikura;
ggj}// 8(1)322 é(g) i ;: ggj IS')‘Oﬂ_lt et al. Title: “Wide-Angle Optical System and Imaging Device Compris-

1 1 1 ugita : », Biled:

2015/0042773 Al 2/2015 Uzawa et al W same”; Fred: Mar. 5, 2021, . .
5015/0268460 Al /7015 Takada r.ltten Opinion Qated Apr. 23, 2019 1ssued in International Appli-
2015/0293353 Al 10/2015 Chin et al. cation No. PCT/JP2019/008052. = . .
2017/0038563 Al 2/9017 Sato Written Opinion dated Jun. 4, 2019, 1ssued 1n International Appli-
2017/0068079 Al  3/2017 Kawamura et al. cation No. PC1/JP2019/008028.
2017/0168281 Al 6/2017 Furuya et al. Written Opinion dated Jun. 4, 2019, 1ssued in International Appli-
2018/0052311 Al 2/2018 Machida cation No. PCT/JP2019/008034.
2018/0210179 Al 7/2018 Kawamura et al. Chinese Ofhice Action (and English language translation thereof)
2019/0079269 Al 3/2019 Kimura dated Feb. 14, 2022, issued in counterpart. Chinese Application No.
2019/0086658 Al 3/2019 Takato 701980056977 .6.
2019/0302432 Al 10/2019  Iwasawa et al. International Preliminary Report on Patentability (IPRP) (and Eng-
2020/0018947 Al 172020 Tsuyuki lish language translation thereof) dated Sep. 16, 2021 issued In
_ . . International Application No. PCT/JP2019/008028 (which i1s an
FOREIGN PAITENT DOCUMENTS International counterpart of related U.S. Appl. No. 17/190,453).
) 1 Non-Final Office Action dated Feb. 6, 2024, 1ssued 1n related U.S.
JP 2003307672 A 10/2003 Appl. No. 17/189,679.
E %80332222; i 1?%803 Japanese Office Action (and English language translation thereof)
L"P 2011013469 A 1/2011 dated Apr. 20, 2022, 1ssued 1in counterpart Japanese Application No.
JP 2011053663 A 3/2011 2021-505242. |
TP 2011107267 A 6/2011 U.S. Appl. No. 17/184,784, filed Mar. 2, 2021.
TP 2012027309 A /2012 U.S. Appl. No. 17/189,679, filed Mar. 2, 2021.
JP 2012027451 A 2/2012 U.S. Appl. No. 17/190,453, filed Mar. 3, 2021.
JP 2012068303 A 4/2012 International Preliminary Report on Patentablhty (IPRP) (and Eng-
JP 2012247689 A 12/2012 lish language translation thereof) dated Sep. 16, 2021 issued in
JP 2013015621 A 1/2013 counterpart International Application No. PCT/JP2019/008033.
IP 2014056153 A 3/20}4 Japanese Office Action (and English language translation thereof)
P 201“4092728 A 5/2()?4 dated Mar. 30, 2022, 1ssued in Japanese Application No. 2021-
E gggggggg i gggg 503240 (which 1s a Japanese counterpart of related U.S. Appl. No.
P 2016184136 A 10/2016 17/190,453). ] ] .
P 2017068114 A 4/2017 Chinese Office AC’[.IOII (and Epgllsh lan.gua.,ge translation thereof)
TP 7017122743 A 77017 datﬂer.dFe.l:). 14, 2022, 1ssued in Chinese Application No. 201980056267.3
TP 2018004726 A 1/2018 (which 1s a counterpart of related U.S. Appl. No. 17/190,453).
TP 2018040948 A 3/2018 Office Action (Non-Final Rejection) dated May 25, 2023, 1ssued 1n
JP 2018045097 A 3/2018 related U.S. Appl. No. 17/190,453.



US 12,085,707 B2
Page 3

(56) References Cited
OTHER PUBLICATIONS

International Search Report (ISR) (and English translation thereof)
dated May 14, 2019 1ssued 1n International Application No. PCT/

JP2019/008033.
Wiritten Opinion dated May 14, 2019 1ssued in International Appli-

cation No. PCT/JP2019/008033.
Notice of Allowance dated Apr. 10, 2024, 1ssued 1n related U.S.

Appl. No. 17/184,784.

* cited by examiner



US 12,085,707 B2

Sheet 1 of 33

Sep. 10, 2024

U.S. Patent

F1G. 1A

| S T—
) I~~~
uﬁi& 111111 S G O
m e R e s T T a
i
m £
b o
| B I Ko
82 . m g
gy P ~3 .
J_ﬂ.&l Pm.r’rm T \..\..\..\u\.\\ u\._.l...li..ll._u P o B R ‘N”“m 2
- o “ - e R
2 11111 1 ——
n....n\.u KT ! e o v_;m
N e - |
A - ! N 5
b i il
o

FIG. 1B

-

}-.‘I‘tlh

........

W -




US 12,085,707 B2

Sheet 2 of 33

Sep. 10, 2024

U.S. Patent

FIG. 2A




US 12,085,707 B2

Sheet 3 of 33

Sep. 10, 2024

G, 3A

U.S. Patent

. “ :
! %
A l._ll.l.llllll.ﬁ!lii
. “ ]
M’hnt_w I l.i_.._..ll.l.:._...-.l.-_-.___.._...l-hml..l[:. ” I.I.I..I“-
S N
5 Rt S T S S

J
(52

e ¥ il
—y
e

£
| §
7
AR
%g‘ff 1{}3
\

!

|

i |
s

{7
Wi
T
-
] E
|

ik

{
1
|
1
i
-
dg‘y
. 3B
L
-
}

o




US 12,085,707 B2

Sheet 4 of 33

Sep. 10, 2024

U.S. Patent

FiG. 4A

G. 48

o

kA O . .

sl G, FOL O S e e e i e T

G3

8
%" !#
_/

G2
i
|




US 12,085,707 B2

Sep. 10, 2024 Sheet 5 of 33

FIG. OA

U.S. Patent

-t

(3
\
‘z
|

L m

2
/
\
6
1

G. OB
N
[

o




US 12,085,707 B2

Sheet 6 of 33

Sep. 10, 2024

U.S. Patent

(. BA

o

FlG. 6B

(53

. any P e T
L] k
1 1
£t

f 2 2 2 a2 a a2 5 4
i o
;L o ol T L e Ay
ML o o i .I.l.l...l..l.l.l.l.l.l““"?l:
*
e e e,
E?:---l‘t‘ll‘l
ul..l...-l.-_‘...l..t.-‘ i‘%ii:![
*




US 12,085,707 B2

Sheet 7 of 33

Sep. 10, 2024

U.S. Patent

FIG. 7A

(33

(57

e

o ol ok e i S PO P O .

oy




US 12,085,707 B2

Sheet 8 of 33

Sep. 10, 2024

U.S. Patent

. 8A

o

(2

(33

- e e e, e e b L WS, M -

o i
- i
ot
-
..l.l..l.._.l....l_-_n




US 12,085,707 B2

Sheet 9 of 33

]
- " ,
"
1 :
i \..1._. L]
. et ey g ! - “
4 - “ rap “ T
L “ N LR ST o
— _ N o QU :
S e o (| m
)y : e e 5 R ;L.Eul.ii\\\\\
— s S ; . ;
m ¥
] £ ——— m i
o O e T B
e N e e e e SO .ql..._..._;._......h...n ....Hu Tonen
¥ p - R o

e .

U.S. Patent
FiG. 9A
K

:
o
T
i
\
|
|
1
FiG. 98



US 12,085,707 B2

Sheet 10 of 33

Sep. 10, 2024

FIG. 10A

U.S. Patent

o . — ..M
b " e ey ; .
L Bl Ty e R
i !lli.ﬁlf..l}l.!llu..r...-rlll ————— lrrVI e g e .lh“_...._.n d m'wv.ll! .-M IIIIIIII m
£ 3
‘ 3
¥
}
¥
:
. o £
_.....I-.i.._a._:.P hit-..ml-\tl\i.n .“lv/m m
: i :
: “
” i
; :
; :
: :
uuuuuuuuuuuuuuuuuuuuuuuu i
ﬁ”.“nv \l\l\\itlll_m:r
g T '
.I.I.I..rm J...l-...lnl.._..l-.tilll._ o Illli.lni.l.-\tl-‘\l
> - |
: "
: § P, “
| e e
' e " :
m 8 it -I!lr._..ti ._.mlr.
3 | JEN
I R
m
m

[ |

F1G. 108



US 12,085,707 B2

Sheet 11 of 33

Sep. 10, 2024

U.S. Patent

FIG. 11A

e —

i u\_\
]
1
dn ] I//'T\.\
|
: T ——
e e o . 2l P - -
#ﬂ.._rl_.l é1 W
...I.Illlr.IJih.nlrll-lrl.-l.l...l.lal.ll.._lall m
1

-

(33

.ﬂd”-]-.

.'lr
.l..l.l_...l.l.l..._._!l

L R e

e s, e sl e AR P o, sk




US 12,085,707 B2

Sheet 12 of 33

Sep. 10, 2024

U.S. Patent

G, 12A

G. 128

o

-— e e e o omh e mw e e HE R Y T -

m..,l..mﬂu .....i_..#-,.......f.....hl-...n d

- -l e

...............

'



US 12,085,707 B2

Sheet 13 of 33

Sep. 10, 2024

U.S. Patent

F1G. 13A

S T R,
— S I e T
I« e T o S
“l:l.l... iy Plﬁrﬁiﬂ“ﬁ!}l
o5 T e U .
..u.l.l.% ‘b o e i s e g e o R “. .‘H_
i SN "__ e -
m -Jfa.lthf-r-.lff]l.ltlll.-ﬂllh ?.—
b _. = nﬁ
e IS Ca
. - Je
I i .
“ ; fll‘ll“il\r'ﬂu

lllllllll

l!lil-.i.l

FIG. 138

ot mt cHh R T i ST R R EE EE B EE EE L B B B -

G2

.............

i '
rEE!;.I
u.\..\l. "
3
:
l.i..ll..l..ll.ll.ll.l_n m
Jll.)bl!lll-l..!l
]

llt._nt

.|..-.ll.l_r.ll.l.
-n.l._l..__......._._-l._l.llll..-l..l.._._.l_




US 12,085,707 B2

Sheet 14 of 33

Sep. 10, 2024

U.S. Patent

FIG. 14A

Py -y
l.._-.r.l..-.l.l...llhp ! ..:l_.._.u._
.w..n.rllll.l.r:.lhn...tl_...ln.l-.l.-_-.l..l.

P i p——
T ——— ekl e
g— “ ¥ .
N —d I
"
— - R
T Tt et e .-.w; £ i
— -
.nulllu:wrl.lr.l. R.Mlo._l 4 i el ST I -
o2 Soe | S e
U I £
T s m ...._...:.r,..i..
"._r”l”l.. o
g™ Mlﬂu.l o e \.\‘ .I.L.-.ni._....-,l-nl.._.tilt l-._.:..l.t.l..,ll._..._
- .-___r-..._..l:...l
e TR S
S,

. —— -

p———e - t..l.-l.-.rl-l.l.n

I..-.-_r.rn
ey, i e G B T G BN N K K K K N K N - rn.’.illt...- -

.I.ﬂ.l..l.’

- e mh w - Y Lo -

.-_l._!l_n._l-l.ln

1
.._...ll.l..i.l..____..r__-r._r_._l.l.l._._-!lii

;
Wi v ks s o Y i T Y

..................

i



U.S. Patent Sep. 10, 2024 Sheet 15 of 33 US 12,085,707 B2

FIG. 15A FIG. 15B FIG. 15C FIG. 15D
SA A "o T

NALD 120 Y 1.14 FIY 1,14 FIY 1.14

i - N

! , "'*\ . |
yft !' :{}.\ M o 11 \_ l if \

Vg LINE Y RAS b
&fmFuNE | |
[~ CLINE | i

|
t l
s LiNE'ﬂ ’ %

} 1}

E-;: foninnio-i —poepeoproptepett— o o dend RN B e e
-(3.05 0,05 -0.05 0.05  0.005 3.005 ~100.0C 100.0C
(mm) (mm) () ()

FIG. 15E FIG. 15F FIG. 153G FIG. 15H
oA AD e T

NALC. 1286 EiY 4 14 FIY 1,14 SVERY.

3 % T : r i p \
\ : } \ !
\ i f"" %
) ‘1 E E}‘ E \1 E
i 1 ! i s
\ ’ i

i
= "
X, , i ‘ 11
"’: I'i N | 1
N ! o |
1‘: | ' j !
1 X I
i | y
L 1
!.
Y

ss
! : H
1 |
ﬂ{%;}l A 1!
lﬁ%z /
SRS | PR e . F*Fim%ﬂ§~~-§--E--i--*}--iw~l R ot e o oo e S
.05 05 005 0.05  -0.005 0,006 -104.60 100,06
A | k! £ 0
(mm) {mm) (mm ) (%% )

"




U.S. Patent Sep. 10, 2024 Sheet 16 of 33 US 12,085,707 B2

FIG. 16A FIG. 16B FIG. 16C FIG. 16D
SA AS LC BA
FiY? 14 FIY 1.7 FiYT’E,M

}* /’ \ ; :

' ' :

Vo 5

i ) ' :
: : :
' : )
i 1 :

!

] !

i 3

B ! ! \

i )

. by

y 1!

i

: b

Yy

1y

¥
I8
i}
a.=~' ‘
13
' §
i t
R o i S e H—H—j—H—f—H i--4w-~iw-«}-+-]--e--e--++~+~4

-0.05 0.06 -0.005 0.005 -100.00  100.00
(mm; (mim} (%)

g
'
m'ﬂm.unu i S 3T N W Sty iyl

FIG, 16E  FIG. 16F FIG. 16G FIG. 16H
SA CC D1
FNO_E.SS’? Y 1.14 FEY_’%‘:’M FEYT’E,M

yo Vi

3x : b \ \

‘11 5 E ! \ f

) X d g IE

‘\5 | ¢ ‘b\: ‘\ :
3 i 7 5
iz ’
¥ !
1 E
'
X5
|

4
L :
i IN
3 ;]
i |/
| y
11 i/
1{ i
0 ] SRR AP A e e,




U.S. Patent Sep. 10, 2024 Sheet 17 of 33 US 12,085,707 B2

FIG.17A FIG.17B FIG. 17C FIG. 17D
oA AS " BA
FNO* 3.880 ‘FEYJ 14 FEY"' .514 Fi\ﬁ 4

i :
A !
A

i A
i 1
L]

}'"“i". =43 S E frombmngrogond PR i o E A S S S RS Ak At i Sy By M
”0.05 ”0185 {}303 MV LNIW. 0;@“5 130;{}@ 100.00
! N, ! !
() (mm) (%)

FIG.17E FIG.ATF FIG 176G FIG. 17H
SA AS CG DT

FiY 114 1Y 1.14 FiY 1.14
T I3 NP N

k i 1 ¥
i1t f ~ ; i

; \ : \El \‘i \11 E
x\ 3 1 5 \ 1 \ =

A

L ] -
TS J oA i
X\ ¥ 1 i 'ii ) : if
) - \
L} 3 :

.:1& !1 E :.i i \ %
1;1‘111 E : : 5 1 |

v 1 § ‘1

1
W ; S
3 | i

it 1N

L E )
1N
/

3
s
%Ei
13
\r
SESHREINE | DA SRUNUEESE SRS et fondemiendenorbenior

005 005 -0.05 0.05 -0005 0005 -100.00  100.00
(mm) (mm) Lnm) &y




U.S. Patent

-G, 18A
SA

FINO 3.831
i

L] A ¥ |
llllllllll

F1G. 18k
SA

Sep. 10, 2024

FiG. 188
AS

FIY 1.14

A

Sheet 18 of 33

F1G. 18C FIG. 18D
e Bh
HY i’E .‘14 Finf 14

Py
1 \
T \

! .

1 A

-
R :
L ‘i
I '

il |
o |
\

""""" 100.00
O/

(rmim) (%)

FIG. 186G FIG. 18H
CC T

FEY .14 FIY 1.4

100.00

pongcieie
0.006 -100.00
' (%)

(mm)

US 12,085,707 B2



U.S. Patent Sep. 10, 2024 Sheet 19 of 33 US 12,085,707 B2

FIG. 19A FIG.19B FIG.19C FIG. 19D
OA AS N DT
FNG 3,940 FEY;% 14 Fi‘?'":i‘.’iﬁi- Fi‘r’?? 4

3 i

; § i
i%! : i
3 Y 1
! 0e
3 ; 1

: ; Co1og

; l E ;

E & :[

: o

; &

¥ E!

i B

] 1y

3 r s
E ; !“i
: b ;
g \ ,
1:

i
S B 2 s s E'?*-f--i--i--i F**b*:%*'%"%' -—p--f----4--1 ! S T TUSTUN S PV VR VR VR VS |

0.05 0.05  -0.05 0.05 -0.005 0.005 -100.00  100.00
(mm) (mm) (mm) (%)

FIG. 19 FIG. 19F FIG. 19G FIG. 19H
oA CG DT

AS
FNO 3.805 Y 1.14 1Y 1.14 FiY 1.14

‘ﬁhira 13 !i f i
‘11 :\1‘:\ :f ! \ i

i

d

. \ ) |
| ; .E
\ L K h
ﬂl L i
t‘ I
:.;i’ E
| ; |
AL S Bt B S S S R LI s e B e e SN pofenpod RO e SR S
-0.0% 0.06 .05 0.06  -0.005 0.005  ~100.00

4 Y

(v ) i) (mm)



U.S. Patent Sep. 10, 2024 Sheet 20 of 33 US 12,085,707 B2

FIG. 20A FIG. 20 FIG.20C FIG. 20D
Nne A

S A AL N
FNG 3.821 FiY 1,14 Y 1.14 FiY 1.14
SR iy « T

i? N
‘ b
) \
5 N : T
K 4 ¥ i)
£ ; ol L
IE Y i;if :
E P00 s ;
£ T ;
; f T
\ NN
; | S
%
a §
1 i
E B

¥
%: f
}2 ;
| f
!

3

] . 1

; i

«+m~{—--=--+-§§-{--+--i--iwi e ook getotn TN e o s o s
0.005 -~100.00 100,00

0,05 0.05  -0.05 005 -0.00
(mm) (rmm) (mm) (%

FIG. 20B FIG. 20F FIG. 20G FIG. 20H
S AS GO DA

FNO 3,770 FiY 1.14 1Y 1.14 FIY 1.14
" a...,*__\a{’;\ T ,:: ‘E{‘ ‘ \\\ "%

[

L
M,ﬂﬁ""‘

1
£
1
1
1
1

H 1
}[ }
¥
]
pomecbrr———] S B B s g S SO S atat i it e st Sy S e A s

005 005 -0.0% T05  0005 0005 10080 100.00
(mm) (mm) (mm) (%)




U.S. Patent Sep. 10, 2024 Sheet 21 of 33 US 12,085,707 B2

FIG. 21A FIG. 21B FIG. 21C FIG. 21D
S A AS "o T

FHY 0,95 1Y 0.95 Y 0,95

\

ff?j \

FINO 3641

i

\
1
!
‘\
NN Y P ~ Pkii{ ; e l—-{-MmiJ—HH{
-(3.05 005 005 005  -0.004 0.005 100 1?{},90
) (1 % )

FIG. 21E FIG. 21F FIG. 216G FIG. 21H
SA AS GG '

FNQ 3,588 Y 0.95 Y 090 FHY 0,95
in } \ |

nnnnnnnnnn
------------------------------
L]

=—-+-~:—-+--:~Lm~s~w=--+-+-4

it ] , . I I, AR PUALEL B A gt
.05 0.05  -D.05 0.05  -0.005 0.005 -100.00 ’E(}{);G{}
(mm} (mm) {mm) (%)




U.S. Patent Sep. 10, 2024 Sheet 22 of 33 US 12,085,707 B2

FEGﬂ 22A FlG. 228 FEGﬂ 226 FlG. 220

FNO 3 6@8 1Y 0.85 FEY G 95 Y 0,95

i,
;i";
e Al
! ;| o |
] 3 |
EE; !: ' g
it 1 i
1 1 |
i '
{--4--4--4--4-- iil“%”iwi"* Fr—t—— 1 gt} S“-{--::-+-1~--‘-“~i~w+w+-+--§ e e e
0.05 005 -0.05 0.05  -0.005 0.005 -100.00 'E(;‘-Gc{}{}
(mim ) (mm) (rm) (%)

FIG. 22k FEG, 22F FIG. 22G FIG. 22

FNO 5,038 FEY (} 95 Y 0.85 Y 0.85
; \ |

a \
z}l ‘\1 \
|

. ‘
iii :

i

b

if

i

iﬁl

O R I e e e

0005 0.005 -100.00

'“L.’?’!-
— c:'::.,..

3»"*3.

O




U.S. Patent Sep. 10, 2024 Sheet 23 of 33 US 12,085,707 B2

FIG. 23A FIG. 238 FIG.23C FIG. 23D

FNO 3.60G3 LY 0.85 1Y .99 1Y .90

[ [N P {
Y " ) : i \

ﬂ! B hﬁ \E

i | ik |

) ;’r! i \

i 3 I |

i | E |
f, ! | ;
| t

¥ ‘g f

! ﬁ |

10 St s et !3 —— 5--5--!--!--}_‘—#-*%**1”“?*4 i--‘l--‘l-*%**%“":”“}' | T s H T e
SR 0.05 .05 0.06 -0.005 C 00"" -1 030,00 100.00
{mm) (mm) (mm) (%)

FIG. 23E FIG. 23F FIG. 23G FIG. 23H

FIND 2.555 Fi‘{’ @ G FEY O Uh =Y .85
i ™~ N
\“ \]
| \ vl

1 ‘1,\

l‘ zl \
f |
5

|
L
| | lf

:
'
a i 1
i 3 !
1 gf ,
ottt i e T S e S B T e e =

-0.05 30.85* 3 005 (3,005 C%.OO@ ~100.00 100,00
(mm) (mm) (mm) )




U.S. Patent Sep. 10, 2024 Sheet 24 of 33 US 12,085,707 B2

FIG. 24A FIG. 24B FIG. 24C FIG. 24D
SA AS N L
:NGTB,SB% | FEY“{}E.QB FiY 0.95 FEYTO.QS

g T ;
.?'/"i‘“ 3 | ! i ; |
* /*ﬁ 4 . E : :
14 ' | 1
! / i 1

!

¢

;:

1
i

IS
} .
K .
»
E’S

I
NERPHENENS § 8 S I e e S T AL S s o e B AU e i o o S
(.05 005 005 0.05 -0.005 0.005 ~100.00 00.00
(s (mim ) ‘mm) (%)

FIG. 24E FIG. 24F FIG. 24G FIG. 24K
A A e A

FNQ 3,591 FY .85 FHY 0,80 =Y 0.85

el I N\
1} 1

| | X |
: : )]
‘ | 1K *
:’z'
|

; f
| | 1]
il E
T e R B S e S I 2 L—-i-dimimh}h--%--i--i ) et et

0,05 0.05 005 005 -0.005  0.005 -100.00  100.00
(mm) (mm) (mm} &y




U.S. Patent Sep. 10, 2024 Sheet 25 of 33 US 12,085,707 B2

FIG. 25A FIG. 25B FIG. 25C FIG. 250
ST AD e o1

FINO 3,647

Y 0.95 1Y 0,99 FIY 0.95

r.\‘1 %’1 1 N,

] |
bl \
Nl s

gt *——*—‘—I—I—j—!-%%i&
1] RSN 0.005 -100.00 100.00
() (mm) (9% )

FIG. 25E FIG. 25F FIG. 256G FIG. 25H
SA AS CG DT
FNO 3.570 F"%Ym(}.95 Y .98 FEYMO,QES

Ji ] \Jo! \
N 1 % ] {‘.;\
¢ 3 k \ ki*
' Yo
%
‘li ]

A \
! \
:,1

|
|
|
|

-
AT, s My, - bt

{
[0 A MM S R I T e T R i S R e L 2 | N M it Sama I e g

kkkkk

0.05 005  -0.05 005 0005 0.005 -100.00  100.00
(mm) Lmm) (mm) (%)




U.S. Patent Sep. 10, 2024 Sheet 26 of 33 US 12,085,707 B2

FIG. 26A FIG. 268 FIG. 26C FIG. 26D
AS O DT

SA
FNO 3.6086 HiY (.81 1Y .81 FiY 0.81

1 1T 1
B i \
L b .

[ S N R

]
|
1
rrrrr IO T }__}_-1_-&_-;_-2-_&--%--{ i
||||||||||

SIS N e — :
-3 | -{. fO.GS -(1.005 0.005 100.60 19{}:0{}
(mm) (mm) {mm) &

FIG. 26E FIG. 26F FIG. 266 FIG. 261
SA AS GO A

FING 3,544 1Y 0.8 Y (.81 FiY 0.87

\

E ! L i
. 1 {4 \ E
\\ \, | E
g Vo
E ;‘1 ‘1 |
i) L \
' © 1
! | |
g | ] |
E i
E ! f ;f
i
i&i
------ et T e SRR S E B :;i;.g:tt R -
0.05 0.05  -0.05 Gi}:{ -(3.0U5 0.005 ~100.00 1G0.00
(mim ‘mm) (mm) /0 )



U.S. Patent Sep. 10, 2024 Sheet 27 of 33 US 12,085,707 B2

FIG. 27A FIG. 27B FIG. 27/C FIG. 27D
SA AS GO L

NGO 3,764 1Y .64 Y 0.64 FiY .64

i N \
it W
EE;E e
; \
f ! \ E
'3 |
a \
|
i |
: |
A e e B e S o B i ~-] i--i--i;i--i--i--i--i--i-*{--i
-4.05 0.06  -0.05 a.05 0.0 0.005 -100.00 100.00
() (mm) (rm) (Yo )

FIG. 27TE FIG. 27F FIG. 271G FIG. 271
SA AD D1

FINO 3.822 FHY (.64 Y (.64 1Y 0.64

\

T - -t
0.005  ~100.00 100.00
mm) %)




U.S. Patent Sep. 10, 2024 Sheet 28 of 33 US 12,085,707 B2

FIG. 28A FIG. 286B FIG. 26C FIG. 28D
DA AS O T
FNOTE;,BSQ F?Y-‘O.G‘q‘ FiY .64 FEYTO,&“&

~ ‘ i, i
gf v K E
f - Ll |

H . 1.i ]

roy .
I i b
z 3 *
:j H!
E |
: 14
i :
i i
.- b

11

|
\
\.
1

i '
5; *
| }
|

|

|
|
|
j
|
L

UL I St i o o o =ttt UL S o e o e e S S UL S
.05 0.05 005 0.05  -0.005 0.005 ~100.0 100.00
F A J ,. 4 Y fFiagd
(mm) (mm) (mm) &

FIG. 28E FIG. 28F FIG.28G  FIG. 28H
A AS e T

NG 3.680 FiY 0.64 Y 0.64 1Y 0.64
;] W] \ |

;we--i--e--e--ii-a--+-++~z ] % ittt AP SEE U i oy SRTSERIIS WP .
(.05 005 -0.08 005 -0.005 0.005 -100.00 100.00
(mim | (mim) (mm) (% )




US 12,085,707 B2

Sheet 29 of 33

Fl1G. 29

Sep. 10, 2024

U.S. Patent

1
m
7 m
;
E
N |
- t
O Bt LT by e N M
\ CRT T | Riman, TN :
_ e L IS e - M
a——— i m
i
. . % j !
i
NS Y
Illi...l\..\\.:llllhllhhi!ll‘l e & m
art..!. s el - . tl...-.......!.r - “
._/ b T 11!‘11“‘.\“\ _ .I.I.I,.I-J.l..-..-n.-.__l..-ri.l...ll..l B ‘.l.l.l‘l..‘-l.‘.l.v.‘lll\\\ “
e P L e e i i
\ m
1
1
|
1
1
1
“
4

310




U.S. Patent Sep. 10, 2024 Sheet 30 of 33 US 12,085,707 B2

H1G. 30




US 12,085,707 B2

Sheet 31 of 33

Sep. 10, 2024

U.S. Patent

FIG. 31

e _

P g hmm.ﬂ.‘ﬂ“’!-----d--d-“ﬂ“wm“wi

—----------‘n-ﬂmﬂ i ! g

A mm o R AT

e

3

b ur, A S, iy Sy, P, N SN B BN B B B B E e e e e o b wd e MMWW"'—'F-------*'ﬂ.

OBJ

Ep TR TN

=R R W Ao e A b R A W R
el L

e



U.S. Patent Sep. 10, 2024 Sheet 32 of 33 US 12,085,707 B2

FIG. 32A 500
527 / 5”“"’\1[’ T J—511a
R R — ai ) _B11p° 12
@3' ! 504 | \
\ —ﬁr 505 ] | | |
e 1 O DU R 1 VU N A 510 1 * | |
‘ ' | 508 | | 1 '&5110
\ / | i ~1N\-511d
509/ : | 81 B |; | 5116
FIG. 32B ——=1—=
514wi“’i““~ 1} J ‘;J II‘H ‘l T~ 9513
| 41 h |
\ /N ) [~508




U.S. Patent Sep. 10, 2024 Sheet 33 of 33 US 12,085,707 B2




US 12,085,707 B2

1

WIDE-ANGLE OPTICAL SYSTEM AND
IMAGE PICKUP APPARATUS USING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s a continuation application of
International Application No. PCT/JP2019/008033 filed on
Mar. 1, 2019, the entire contents of which are incorporated
herein by reference.

BACKGROUND

Technical Field

The present disclosure relates to a wide-angle optical
system and an 1mage pickup apparatus using the same.

As an optical system having a wide angle of view, an
objective optical system for endoscope has been known. In
the objective optical system for endoscope, a wide-angle
optical system with the angle of view of more than 100
degrees has been used.

In conventional endoscopes, an 1mage sensor with a small
number of pixels was used. Therefore, 1n an objective optical
system for endoscope, an optical system with a fixed focus
was used. Even when the optical system with a fixed focus
was used, 1t was possible to cover a range of an object
distance required to be observed (observation depth), by a
depth of field.

However, 1n recent years, for improving a quality of an
observed 1mage, an 1image sensor with a large number of
pixels has been used. In an endoscope in which the image
sensor with a large number of pixels 1s used, a high reso-
lution 1s sought even for the optical system.

When an optical system 1s made to have a high resolution,
the depth of field becomes narrower than the required
observation depth. Consequently, 1t becomes difficult to
observe the required observation depth 1n a focused state.
For such reasons, a need arose to impart a function of
adjusting a focal position to an optical system.

An objective optical system for endoscope which enables
to adjust the focal position has been known. In this objective
optical system for endoscope, an mner focusing has been
used for adjusting the focal position. For carrying out the
inner focusing, an actuator i1s provided around an optical
system.

An optical unit, for mstance, includes an optical system
and an actuator. In an endoscope, 1t 1s necessary to seal the
optical unit. Moreover, the angle of view 1s 1400 or more,
and there are restrictions on a size and an output of the
actuator. Therefore, in the focal-position adjustment, it 1s
difficult to move the optical system. A light-weight and
space-saving iner focusing 1s necessary.

Objective optical systems for endoscope in which, the
inner focusing 1s used, have been disclosed 1n International
Unexamined Patent Application Publication No. 2014/

129089 and International Unexamined Patent Application
Publication No. 2016/067838.

Description of the Related Art

SUMMARY

A wide-angle optical system according to at least some
embodiments of the present disclosure 1s a wide-angle
optical system having a lens component,
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2

the lens component has a plurality of optical surfaces, and

in the lens component, two optical surfaces are 1n contact
with air, and at least one optical surface 1s a curved
surface, includes 1n order from an object side:

a first lens unit having a negative refractive power,

a second lens unit having a positive refractive power, and

a third lens umit having a positive refractive power,
wherein

at the time of carrying out a focal-position adjustment
from a far point to a near point, the second lens unit 1s
moved from a first position toward a second position,
the first position 1s a position at which a distance
between the first lens unit and the second lens umit
becomes the minimum, and the second position 1s a
position at which a distance between the second lens
unit and the third lens unit becomes the mimimum,

the third lens unit includes not less than three lens
components,

not less than three lens components include a first lens
component and a second lens component, the first lens
component 1s a lens component located nearest to an
object 1 the third lens unit, and the second lens
component 1s a lens component located second from
the object side 1n the third lens unat,

cach of the first lens component and the second lens
component has a positive refractive power, and

following conditional expression (1) 1s satisfied:

0.8<3L12/fL<6.0 (1)

where,

131.12 denotes a combined focal length of the first lens
component and the second lens component, and

1. denotes a focal length of the wide-angle optical system
at the first position. surface.

Moreover, an 1mage pickup apparatus of the present

disclosure 1ncludes:

an optical system, and

an 1mage sensor which 1s disposed on an 1mage plane,
wherein

the 1mage sensor has an 1mage pickup surface, and
converts an 1image formed on the 1image pickup surface
by the optical system to an electric signal, and

the optical system 1s the abovementioned wide-angle
optical system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A and FIG. 1B are lens cross-sectional views of a
wide-angle optical system of an example 1;

FIG. 2A and FIG. 2B are lens cross-sectional views of a
wide-angle optical system of an example 2;

FIG. 3A and FIG. 3B are lens cross-sectional views of a
wide-angle optical system of an example 3;

FIG. 4A and FIG. 4B are lens cross-sectional views of a
wide-angle optical system of an example 4;

FIG. SA and FIG. 3B are lens cross-sectional views of a
wide-angle optical system of an example 5;

FIG. 6A and FIG. 6B are lens cross-sectional views of a
wide-angle optical system of an example 6;

FIG. 7A and FIG. 7B are lens cross-sectional views of a
wide-angle optical system of an example 7;

FIG. 8A and FIG. 8B are lens cross-sectional views of a
wide-angle optical system of an example 8;

FIG. 9A and FIG. 9B are lens cross-sectional views of a
wide-angle optical system of an example 9;

FIG. 10A and FIG. 10B are lens cross-sectional views of
a wide-angle optical system of an example 10;



US 12,085,707 B2

3

FIG. 11A and FIG. 11B are lens cross-sectional views of
a wide-angle optical system of an example 11;

FIG. 12A and FIG. 12B are lens cross-sectional views of
a wide-angle optical system of an example 12;

FIG. 13A and FIG. 13B are lens cross-sectional views of
a wide-angle optical system of an example 13;

FIG. 14A and FIG. 14B are lens cross-sectional views of
a wide-angle optical system of an example 14;

FIG. 15A, FIG. 15B, FIG. 15C, FIG. 15D, FIG. 15E, FIG.
15F, FIG. 15G, and FIG. 15H are aberration diagrams of the

wide-angle optical system of the example 1;
FIG. 16A, FIG. 16B, FIG. 16C, FIG. 16D, FIG. 16E, FIG.

16F, FI1G. 16G, and FIG. 16H are aberration diagrams of the
wide-angle optical system of the example 2;

FIG. 17A, FI1G. 17B, FI1G. 17C, FIG. 17D, FIG. 17E, FIG.
17F, FIG. 17G, and FIG. 17H aberration diagrams of the

wide-angle optical system of the example 3;
FIG. 18A, FIG. 18B, FIG. 18C, FIG. 18D, FIG. 18E, FIG.

18F, FI1G. 18G, and FIG. 18H are aberration diagrams of the
wide-angle optical system of the example 4;

FIG. 19A, FI1G. 19B, FIG. 19C, FIG. 19D, FIG. 19E, FIG.
19F, FIG. 19G, and FIG. 19H are aberration diagrams of the
wide-angle optical system of the example 5;

FI1G. 20A, FI1G. 20B, FIG. 20C, FIG. 20D, FIG. 20E, FIG.
20F, FIG. 20G, and FIG. 20H are aberration diagrams of the
wide-angle optical system of the example 6;

FI1G. 21A, FI1G. 21B, FIG. 21C, FIG. 21D, FIG. 21E, FIG.
21F, FI1G. 21G, and FIG. 21H are aberration diagrams of the
wide-angle optical system of the example 7;

FI1G. 22A, FI1G. 22B, FIG. 22C, FIG. 22D, FIG. 22E, FIG.
22F, F1G. 22G, and FIG. 22H are aberration diagrams of the
wide-angle optical system of the example 8;

F1G. 23A, FI1G. 23B, FIG. 23C, FIG. 23D, FIG. 23E, FIG.
23F, FI1G. 23G, and FIG. 23H are aberration diagrams of the
wide-angle optical system of the example 9;

FI1G. 24 A, F1G. 24B, FIG. 24C, FIG. 24D, FIG. 24E, FIG.
24F, FI1G. 24G, and FIG. 24H are aberration diagrams of the
wide-angle optical system of the example 10;

FI1G. 25A, FI1G. 258, FIG. 25C, FIG. 23D, FIG. 25E, FIG.
25F, FIG. 25G, and FIG. 25H are aberration diagrams of the
wide-angle optical system of the example 11;

FI1G. 26A, FI1G. 268, FIG. 26C, FIG. 26D, FIG. 26E, FIG.
26F, F1G. 26G, and FIG. 26H are aberration diagrams of the
wide-angle optical system of the example 12;

FI1G. 27A, FI1G. 278, FIG. 27C, FIG. 27D, FIG. 27E, FIG.
27F, F1G. 27G, and FIG. 27H are aberration diagrams of the
wide-angle optical system of the example 13;

FI1G. 28A, FI1G. 28B, FIG. 28C, FIG. 28D, FIG. 28E, FIG.
28F, FI1G. 28G, and FIG. 28H are aberration diagrams of the
wide-angle optical system of the example 14;

FIG. 29 1s a diagram showing a schematic configuration
ol an endoscope system:;

FIG. 30 1s a diagram showing an arrangement of an
optical system of an endoscope;

FIG. 31 1s a diagram showing an arrangement of an
optical system of an 1mage pickup apparatus;

FIG. 32A 1s a diagram showing a schematic configuration
of an 1mage pickup apparatus;

FIG. 32B 1s a diagram showing orientations of 1images on
an 1mage sensor; and

FI1G. 33 15 a diagram showing a positional relationship of
an object, an objective optical system, and an optical-path
splitting element.

DETAILED DESCRIPTION

il

Prior to the explanation of examples, action and effect of
embodiments according to certain aspects of the present
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4

disclosure will be described below. In the explanation of the
action and effect of the embodiments concretely, the expla-
nation will be made by citing concrete examples. However,
similar to a case of the examples to be described later,
aspects exemplified thereof are only some of the aspects
included 1n the present disclosure, and there exists a large
number ol variations in these aspects. Consequently, the
present disclosure 1s not restricted to the aspects that will be
exemplified.

A wide-angle optical system of the present embodiment 1s
a wide-angle optical system having a lens component. The
lens component has a plurality of optical surfaces, and 1n the
lens component, two optical surfaces are 1n contact with atr,
and at least one optical surface 1s a curved surface. The
wide-angle optical system includes in order from an object
side, a first lens unit having a negative refractive power, a
second lens unit having a positive refractive power, and a
third lens umt having a positive refractive power. At the time
of adjusting a focal-position from a far point to a near point,
the second lens unit 1s moved from a first position toward a
second position. The first position 1s a position at which a
distance between the first lens unit and the second lens unit
becomes the minimum, and the second position 1s a position
at which a distance between the second lens unit and the
third lens unit becomes the minimum. The third lens umit
includes not less than three lens components, and not less
than three lens components include a first lens component
and a second lens component. The first lens component 1s a
lens component located nearest to an object 1n the third lens
unmit, and the second lens component 1s a lens component
located second from the object side in the third lens unait.
Each of the first lens component and the second lens
component has a positive refractive power, and following
conditional expression (1) 1s satisiied:

0.8<f3L12/fL<6.0 (1)

where,

131.12 denotes a combined focal length of the first lens

component and the second lens component, and

L. denotes a focal length of the wide-angle optical system

at the first position.

The wide-angle optical system of the present embodi-
ment, for istance, 1s about a wide-angle optical system with
an angle of view of more than 100 degrees. In recent years,
with the debut of a high-resolution monitor and the like,
regarding an 1mage quality at the time of observation, a high
image quality 1s being sought. The wide-angle optical sys-
tem of the present embodiment 1s a wide-angle optical
system which 1s capable of dealing with such requirement.

Moreover, the wide-angle optical system of the present
embodiment 1s an optical system 1n which an 1inner focusing
1s used. Therefore, an actuator 1s disposed around an inner-
focusing lens. In the wide-angle optical system of the
present embodiment, even with the actuator disposed around
the optical system, an outer diameter of the overall optical
system 1s small. The wide-angle optical system of the
present embodiment, while being an optical system having
a wide angle of view, 1s an optical system i1n which a
light-ray height 1s suppressed to be low over a long range of
a central portion of the optical system.

The wide-angle optical system of the present embodiment
1s a wide-angle optical system having the lens component.
The lens component has the plurality of optical surfaces. In
the lens component, the two optical surfaces are in contact
with air, and at least one optical surface 1s a curved surface.
The lens component includes a single lens and a cemented
lens for example.
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Moreover, in the lens component, a lens and a plane
parallel plate may have been cemented. In this case, one
optical surface 1n contact with air 1s a lens surface, and the
other optical surface 1n contact with air 1s a flat surface. A
lens component 1n which a single lens and a plane parallel
plate are cemented, 1s to be deemed as a single lens. A lens
component 1 which a cemented lens and a plane parallel
plate are cemented, 1s to be deemed as a cemented lens.

Moreover, a planoconvex lens and a planoconcave lens
may have been cemented. In this case, a cemented surface 1s
a curved surface and an optical surface 1n contact with air 1s
a flat surface.

The surface on the object side of the lens component, out
of the two optical surfaces 1n contact with air, 1s an optical
surface located on the object side. A surface on an 1mage side
of the lens component, out of the two optical surfaces 1n
contact with air, 1s an optical surface located on the 1image
side. In a case in which the lens component 1s a cemented
lens, a cemented surface 1s located between the surface on
the object side and the surface on the 1mage side.

The wide-angle optical system of the present embodiment
includes in order from the object side, the first lens unit
having a negative refractive power, the second lens umnit
having a positive refractive power, and the third lens unit
having a positive refractive power. At the time of carrying
out the focal-position adjustment from the far point to the
near point, the second lens unit 1s moved from the first
position toward the second position. The movement from the
first position toward the second position 1s a movement 1n a
direction 1n which the distance between the first lens unit and
the second lens unit widens, and 1s a movement 1n a direction
in which the distance between the second lens umit and the
third lens unit shortens.

The first position 1s a position at which the distance
between the first lens unit and the second lens unit becomes
the minimum. At the first position, the second lens unit 1s
located nearest to the object 1n a range of movement. At the
first position, 1t 1s possible to focus to an object located at a
far point.

The second position 1s a position at which the distance
between the second lens unmit and the third lens unit becomes
the minimum. At the second position, the second lens unit 1s
located nearest to an 1image 1n a range of movement. At the
second position, 1t 1s possible to focus to an object located
at a near point.

The third lens unit includes not less than three lens
components. Not less than three lens components 1nclude
the first lens component and the second lens component. The
first lens component 1s a lens component located nearest to
the object 1n the third lens unit. The second lens component
1s a lens component located second from the object side 1n
the third lens unat.

In the wide-angle optical system of the present embodi-
ment, each of the first lens component and the second lens
component has a positive refractive power. Moreover, the
wide-angle optical system of the present embodiment has an
image-side lens component. Accordingly, 1t 1s possible to
realize a wide-angle optical system i1n which an angle of
view 1s large, and an aberration within a range of adjustment
of the focal-position 1s corrected favorably, and which has a
high resolution. Moreover, by the optical system having the
high resolution, even when an 1mage sensor with a large
number of pixels 1s used, 1t 1s possible to acquire a sharp
image corresponding to the large number of pixels.

The second lens unit 1s moved for the focal-position
adjustment. An actuator 1s used for moving the second lens
unit. The actuator 1s disposed near the second lens unit or
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near the third lens unit. Therefore, it 1s necessary to provide
a space for disposing the actuator near the second lens unit
or near the third lens unit.

By disposing two lens components having a positive
refractive power 1n the third lens unit, it 1s possible to lower
a light-ray height over a wide range from the object side of
the second lens unit up to a vicinity of a center of the third
lens unit (hereinatter, referred to as ‘predetermined range’).

By satisiying conditional expression (1), 1t 1s possible to
lower the light-ray height 1n the predetermined range. Con-
sequently, 1t 1s possible to make small an outer diameter of
the second lens unit and an outer diameter of a part of the
third lens unit. As a result, 1t 1s possible to suppress an
increase 1n an outer diameter of an optical unit even when
the actuator 1s disposed.

By making the combined focal length of the first lens
component and the second component small, 1t 1s possible to
suppress the light-ray height to be low 1n the predetermined
range. However, since a combined refractive power of the
first lens component and the second lens component
becomes large, an aberration becomes large. Therefore, 1t 1s
preferable to set appropnately the combined focal length of
the first lens component and the second lens component.

In a case 1n which a value exceeds an upper limit value of
conditional expression (1), it becomes difficult to suppress
the light-ray height to be low in the predetermined range. In
a case 1n which the value falls below a lower limit value of
conditional expression (1), correction of a spherical aberra-
tion and correction of a coma become difficult.

It 1s preferable that following conditional expression (1')
be satisfied instead of conditional expression (1).

1.0<f3L12/fL.<5.2 (1)

Moreover, 1t 1s more preferable that following conditional
expression (1") be satisfied instead of conditional expression

(1).

1.2<f3L12/fL<4.8 (1")

The wide-angle optical system of the present embodiment
may have an image-side lens component. The 1mage-side
lens component, among the plurality of lens components, 1s
a lens component located nearest to an 1mage. The 1mage-
side lens component may be a single lens, and may be a lens
component which 1s located nearest to the 1mage among the
plurality of lens components.

In a case in which the wide-angle optical system of the
present embodiment 1ncludes the first lens unit, the second
lens unit, and the third lens unit, the 1mage-side lens com-
ponent 1s a lens component located nearest to the 1mage in
the third lens unat.

In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that not less than two diverging
surfaces be disposed between a surface nearest to the object
of the first lens component and a surface nearest to the image
of the second lens component.

By making such arrangement, it 1s possible to maintain
favorably the imaging performance while maintaining the
light-ray height 1n the predetermined range low.

In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that the third lens unit include not less
than three cemented surfaces, and a value of a difference
between refractive indices be not less than 0.25 at not less
than three cemented surfaces respectively.

Here, the difference in refractive indices 1s a difference
between an object-side refractive index and an image-side
refractive index,
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the object-side refractive index 1s a refractive index for a
d-line of a medium which 1s located on an object side
of the cemented surface, and which 1s adjacent to the
cemented surface, and

the image-side refractive index 1s a refractive index for a
d-line of a medium which 1s located on an 1image side
of the cemented surface, and which 1s adjacent to the
cemented surface.

By making such arrangement, 1t 1s possible to maintain

favorably the imaging performance while maintaining the
light-ray height 1n the predetermined range low.
In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that the third lens unit include not less
than four lens components, and have not less than two
cemented surfaces for which a value of a diflerence 1n
refractive mndex 1s not less than 0.23.

Here, the difference in refractive index 1s a difference
between an object-side refractive index and an image-side
refractive index, and

the object-side refractive index 1s a refractive index for
the d-line of a medium which 1s located on the object
side of a cemented surface, and which 1s adjacent to the
cemented surface, and

the 1mage-side refractive index 1s a refractive index for
the d-line of a medium which 1s located on the 1mage
side of the cemented surface, and which 1s adjacent to
the cemented surface.

By making such arrangement, 1t 1s possible to maintain

favorably the imaging performance while maintaining the
light-ray height in the predetermined range low.
In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that the third lens unit include three,
four, or five lens components having a positive refractive
power.

By making such arrangement, 1t 1s possible to maintain

favorably the imaging performance while maintaining the
light-ray height 1n the predetermined range low.
In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that a cemented lens located nearest to
an 1mage 1n the third lens unit include 1n order from the
object side, a positive lens and a negative lens.

By making such arrangement, 1t 1s possible to maintain

favorably the imaging performance while maintaining the
light-ray height 1n the predetermined range low.
In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that a single lens unit be disposed
nearest to the image 1n the third lens unit, the single lens unit
include two single lenses or three single lenses, a cemented
lens be disposed adjacent to the single lens unit, on the
object side of the single lens unit, and the cemented lens
include 1n order from the object side, a positive lens and a
negative lens.

By making such arrangement, 1t 1s possible to maintain
favorably the imaging performance while maintaining the
light-ray height 1n the predetermined range low.

In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that one single lens be disposed nearest
to the image in the third lens unit, a cemented lens be
disposed adjacent to the single lens, on the object side of the
single lens, and the cemented lens include m order from the

object side, a positive lens and a negative lens.

By making such arrangement, 1t 1s possible to maintain
tavorably the imaging performance while maintaining the
light-ray height in the third
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In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that following conditional expression

(2) be satisfied:

0.05<fL/R31F<1.20 (2)

where,

R31F denotes a radius of curvature of a surface on the

object side of the first lens component, and

fI. denotes the focal length of the wide angle-optical

system at the first position.

Conditional expression (2) 1s a conditional expression in
which a convergence of a surface nearest to the object 1n the
third lens unit 1s regulated. The first lens component 1s
located nearest to the object 1n the third lens unit. Accord-
ingly, conditional expression (2) 1s a conditional expression
in which the convergence of a surface on the object side of
the first lens component 1s regulated.

The larger the curvature of a lens surface, the stronger 1s
the convergence of light rays at the lens surface. The surface
on the object side of the first lens component 1s located
nearest to the object in the third lens umt. By making a
curvature of the surface on the object side of the first lens
component of an appropriate size, 1t 1s possible to suppress
the light-ray height at the third lens unit to be low.

In a case 1n which a value exceeds an upper limit value of
conditional expression (2), the spherical aberration and the
coma are susceptible to occur, or a manufacturing error
sensitivity 1s susceptible to become high. Even when an
image sensor with a large number of pixels 1s used, acquiring
a sharp 1mage corresponding to the large number of pixels
becomes diflicult. Moreover, securing the desired back focus
also becomes difficult. In a case in which the value {falls
below a lower limit value of conditional expression (2), the
light-ray height becomes high. Consequently, 1n a case 1n
which the wide-angle optical system of the present embodi-
ment 1s used for an optical system of an endoscope, a
diameter of an insertion portion becomes large.

It 1s preferable that following conditional expression (2')
be satisfied instead of conditional expression (2).

0.07<fL/R31F<0.85 (2"

It 1s more preferable that following conditional expression
(2") be satisfied instead of conditional expression (2).

0.08</L/R31F<0.75 (2")

An optical system which satisfies conditional expression
(2) has a value smaller than an upper limit value. As the
value for the optical system becomes smaller, 1t becomes
casier to correct an aberration or 1t becomes easier to secure
a desired back focus 1n that optical system.

For conditional expression (2), it 1s possible to set a
tavorable upper limit value. It 1s preferable to set the upper
limit value to any of 0.60232, 0.55, 0.50, and 0.45. By
making such arrangement, 1t 1s possible to carry out a
favorable aberration correction.

In a case in which favorable aberration correction is to be
prioritized, or 1n a case 1n which securing the desired back
focus 1s to be prioritized, from 0.10 up to 0.40 can be said
to the most appropriate range for conditional expression (2).
In a case 1 which securing a low light-ray height in the
predetermined range 1s to be prioritized, from 0.35 up to
0.65 can be said to be the most appropriate range for
conditional expression (2).

It 1s preferable that the wide-angle optical system of the
present embodiment include an image-side lens component,
the 1image-side lens component, among the plurality of lens
components, be a lens component located nearest to the
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image, the third lens unit include N number of cemented
surfaces S, (1=1, 2, . . . N) between the first lens component
and the image-side lens component, and following condi-
tional expression (3) be satistied:

—1.0<fLXZP cp<—0.03 (3)

where,
P... denotes a retractive power of the cemented surtace

I

S, and 1s expressed by following conditional expres-
sion (4) 10

Psni=Wsn; =15 ) Fsa (4)

where,

N, denotes a refractive index for the d-line of a medium
located on the object side of the cemented surface S,

N, denotes a refractive index for the d-line of a medium
located on the image side of the cemented surface S,

r.n; denotes a radius of curvature near an optical axis of

the cemented surface S,,, and

fI. denotes the focal length of the wide-angle optical

system at the first position.

Conditional expression (3) 1s a conditional expression in
which the refractive power of the cemented surface in the
third lens unit 1s regulated. In the predetermined range, it 1s
necessary to maintain a state in which a light-beam diameter
1s thinned. On the other hand, securing a paraxial amount,
such as, securing the focal length or securing the back focus,
1s significant.

For lowering the light-ray height in the predetermined
range, in the third lens unit, the lens component located on
the object side 1s made to have a strong convergence. For
securing the paraxial amount, it 1s preferable to dispose a
lens component having a strong divergence on an image side
of the lens component located on the object side.

In the wide-angle optical system of the present embodi-
ment, the third lens unit includes N number of cemented
surfaces S,.. The cemented surface S,, has a strong diver-
gence. Therefore, conditional expression (3) can be said to
be a conditional expression in which the divergence of a
light ray on the image side of the predetermined range is
regulated.

In a case 1n which a value exceeds an upper limit value of
conditional expression (3), the divergence of a light ray on
the 1mage side of the predetermined range becomes weak.
Consequently, securing the desired paraxial amount
becomes difficult or securing the low light-ray height in the
predetermined range becomes difficult.

On the other hand, 1n a case in which the value falls below
a lower limit value of conditional expression (3), a spherical
aberration and a coma are susceptible to occur or a manu-
facturing error sensitivity 1s susceptible to become high.
Even when an image sensor with a large number of pixels 1s
used, 1t becomes difficult to acquire a sharp 1mage corre-
sponding to the large number of pixels.

It 1s preferable that following conditional expression (3')
be satisfied instead of conditional expression (3).
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—0.85<fLxZP cp<—0.1 (3")

Moreover, 1t 1s more preterable that tollowing conditional
expression (3") be satisfied mstead of conditional expression

(3)-
—0.75<fLXZP o, <—0.1 (3")

For conditional expression (3), 1t 1s possible to set a 65
tavorable lower limit value. It 1s preferable to set the lower

limit value to any of —0.71861, -0.65, -0.60, and -0.55. By
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making such arrangement, 1t 1s possible to carry out a
favorable aberration correction.

In a case 1n which favorable aberration correction 1s to be
prioritized, from —0.50 up to —0.20 can be said to be the most
appropriate range for conditional expression (3). In a case 1n
which securing the low light-ray height 1n the predetermined
range 1s to be prioritized, from —0.70 up to —0.40 can be said
to be the most appropriate range for conditional expression
(3)-

By satistying conditional expression (2) or by satisiying
conditional expression (3), 1t 1s possible to secure the low
light-ray height in the predetermined range or to secure the
desired paraxial amount easily. It 1s even more preferable
that both of conditional expression (2) and conditional
expression (3) be satisfied.

However, when both of conditional expression (2) and
conditional expression (3) are satisfied, correction of an
astigmatism 1s susceptible to be diflicult. Therefore, 1n the
third lens unit, 1t 1s necessary to correct favorably the
astigmatism as well.

As mentioned above, n.,, and n.,,. denote the refractive
index. More elaborately, n.., denotes the refractive index for
the d-line of the medium which is located on the object side
of the cemented surface S,, and which 1s adjacent to the
cemented surface S,,, and n.,,  denotes the refractive index
for the d-line of the medium which is located on the image
side of the cemented surface S, and which 1s adjacent to the
cemented surface S,..

In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that the third lens unit include a
cemented lens which 1s located nearest to the 1image among
the cemented lenses, and a positive single lens which 1s
located nearest to the image, the cemented lens which 1s
located nearest to the image have a positive refractive power,
and the positive single lens satisty following conditional
expression (J):

—2<(R3g+R3p0)/ (R3p—R3p0)<2 (5)

where,

R;,; denotes a radius of curvature of a surface on the

object side of the positive single lens, and

R;,-, denotes a radius of curvature of a surface on the

image side of the positive single lens.

The third lens unit has the cemented lens which 1s located
nearest to 1image (hereimafiter, referred to as ‘cemented lens
A’). In a case 1n which there 1s one cemented lens disposed
in the third lens unit, the cemented lens corresponds to the
cemented lens A.

When an optical system 1s divided into two, an object side
and an 1mage side, with a center of the optical system as a
boundary between the two, the cemented lens A 1s located on
the image side. In a case in which significance 1s to be placed
on securing an appropriate back focus, the refractive power
of the cemented lens A may be made a positive refractive
power.

In this case, not only in the object side of the optical
system but also 1n the 1mage side of the optical system, a
large positive refractive power 1s required. For this, 1t 1s
preferable to make the lens component located nearest to the
image a positive single lens, as well as to satisty conditional
expression (5). By making such arrangement, 1t 1s possible
to suppress the occurrence of astigmatism.

It 1s preferable that following conditional expression (5')
be satisfied instead of conditional expression (5).

—~1.5<(R3p,+R350)/(R3p1—R3z5)<1.0 (5)
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It 1s more preferable that following conditional expression
(5") be satisfied instead of conditional expression (5).

—~1.1<(R35,+R352)/ (R3p1—R355)<0.0 (5")

In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that the third lens unit include a
cemented lens which 1s located nearest to the 1image among
the cemented lenses, and a positive single lens which 1s
located nearest to the image, the cemented lens which 1s
located nearest to the 1mage have a negative refractive
power, and the positive single lens satisty following condi-
tional expression (6) be satisfied:

—5<("'R3p 1+ R3p5)/("R3g— R3po)<1 (6)

where,

'R;i»; denotes a radius of curvature of a surface on the

object side of the positive single lens, and

'R;»-, denotes a radius of curvature of a surface on the

image side of the positive single lens.

There 1s case 1n which significance 1s to be placed on
shortening an overall length of the optical system, rather
than on securing the appropriate back focus. In this case,
since a large positive refractive power becomes necessary on
the object side of the optical system, a large negative
refractive power becomes necessary on the image side of the
optical system.

The cemented lens A, among the cemented lenses, 1s
located nearest to the image. Therefore, by making the
refractive power of the cemented lens A a negative refractive
power, 1t 15 possible to achieve a large negative refractive
power on the image side. However, when such an arrange-
ment 1s made, the astigmatism 1s susceptible to occur or an
angle of emergence of an ofl-axis light ray is susceptible to
become large.

In this case, 1t 1s preferable to make the lens component
located nearest to the 1image a positive single lens, and to
satisty conditional expression (6). By making such arrange-
ment, the positive single lens 1s disposed on a rear side of the
cemented lens having a negative refractive power. Conse-
quently, it 1s possible to cancel an increase 1n the astigma-
tism or to cancel an increase 1n the angle of emergence of the
ofl-axis light ray.

In a case 1n which a value exceeds an upper limit value of
conditional expression (6), the abovementioned cancellation
ellect 1s susceptible to become weak. In a case in which the
value falls below a lower limit value of conditional expres-
sion (6), there 1s an increase 1n the occurrence of astigma-
tism or 1t 1s not possible to secure adequately an effective
diameter of the positive single lens. When an attempt 1s
made to secure adequately the effective diameter of the
positive single lens, the back focus becomes excessively
long. Consequently, the overall length of the optical system
becomes long.

At the lens component located nearest to the image 1n the
third lens unit, a light-ray height of the off-axis light ray 1s
high. Consequently, when a cemented lens 1s used for this
lens component, a thickness as a lens component 15 suscep-
tible to increase. As a result, securing an adequate back focus
or shorteming the overall length of the optical system
becomes difhicult.

It 1s preferable that following conditional expression (6')
be satisfied instead of conditional expression (6).

~4.7<('R3p+R3p2)/ ('Rag—'R3z5)<0.8 (6")
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Moreover, it 1s more preferable that following conditional
expression (6") be satisfied instead of conditional expression

(6).

—4.5<('R3z1+R3p5)/('R3p,—R3,)<0.6 (6")

In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that a cemented surface located nearest
to the 1image 1n the third lens unit satisty following condi-
tional expression (7):

—2.0<fL/r oy <1.56 (7)

where,

I, denotes a radius of curvature near the optical axis of
the cemented surface located nearest to the image, and

fI. denotes the focal length of the wide-angle optical
system at the first position.

On the image side of the predetermined range, it 1s
preferable that the divergence of a light ray be strong. When
the divergence of a light ray 1s strong, a light-ray height of
an ofl-axis light ray 1s relatively high with respect to a
light-ray height of an axial light ray.

When the light-ray height of an ofl-axis light ray becomes
high, an astigmatism 1s susceptible to become large. For
suppressing an increase in the astigmatism, 1t 1s preferable to
make a cemented surface located nearest to the image 1n the
third lens unit a shape concentric with respect to a pupil of
an optical system. By satistying conditional expression (7),
it 1s possible to suppress the increase in the astigmatism.

In a case in which a value exceeds an upper limit value of
conditional expression (7), it becomes diflicult to carry out
the correction of the astigmatism. In a case in which the
value falls below a lower limit value of conditional expres-
s1on (7), 1t becomes dithicult to carry out the correction of the
spherical aberration.

It 1s preferable that following conditional expression (7')
be satisfied instead of conditional expression (7).

—1.2<fL/r op,<1.0 (7"

Moreover, 1t 1s more preferable that following conditional
expression (/") be satisfied istead of conditional expression

(7).

—0.9<fL/r 7, <0.6 (7")

An optical system which satisfies conditional expression
(7) has a value smaller than the upper limit value. As the
value 1n the optical system becomes smaller, it becomes easy
to correct the astigmatism 1n that optical system.

For conditional expression (7), it 1s possible to set a
tavorable upper limit value. It 1s preferable to set the upper
limit value to any of —0.32190, -0.35, -0.40, and -0.45. By
making such arrangement, 1t 1s possible to correct the
astigmatism favorably.

In a case 1n which the correction of the astigmatism 1s to
be prioritized, from —0.80 up to —0.50 can be said to be the
most appropriate range for conditional expression (7). In a
case 1n which the correction of the spherical aberration 1s to
be prioritized, from —0.60 up to —0.30 can be said to be the
most appropriate range for conditional expression (7).

At the cemented surface located nearest to the mage 1n the
third lens unit, 1t 1s preferable that a positive lens be located
on the object side of the cemented surface, and a negative
lens be located on the image side of the cemented surface.

As a means for simultaneously realizing suppression of
the light-ray height in the predetermined range, aberration
correction at the time of designing, and prevention of
aberration deterioration at the time of manufacturing,
improvement of the degree of freedom of a chromatic-
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aberration correction 1s given. For improving the degree of
freedom of the chromatic-aberration correction, an appro-
priate medium 1s to be used for the medium of a lens.

By setting appropnately a curvature and a thickness of a
lens, 1t 1s possible to correct the spherical aberration, the
coma, and the astigmatism favorably, and by selecting an
appropriate glass for the medium of a lens, it 1s possible to
correct the chromatic aberration favorably.

For instance, in an endoscope optical system, a thickness
of each lens 1s large with respect to a focal length of the
optical system. In such optical system, i1t 1s diflicult to
achieve both of the correction of longitudinal chromatic
aberration and the correction of chromatic aberration of
magnification, together.

However, in the wide-angle optical system of the present
embodiment, the plurality of lens components 1s disposed 1n
the third lens unit. Accordingly, 1t 1s possible to set appro-
priately the medium of the lens component located on the
object side and the medium of the lens component located on
the 1image side. As a result, it 1s possible to achieve both of
the correction of the longitudinal chromatic aberration and
the correction of the chromatic aberration of magmfication,
ogether.

In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that the third lens unit include a
plurality of positive lenses, the plurality of positive lenses
include a first positive lens and a second positive lens, the
first positive lens, among the plurality of positive lenses, be
a positive lens located nearest to the object, the second
positive lens, among the plurality of positive lenses, be a
positive lens located second from the object, and following
conditional expression (8) be satisfied:

—10<V3 p=V35p<20

(8)

where,

V5, » denotes an Abbe number for the first positive lens,

and

V5, denotes an Abbe number for the second positive lens.

Conditional expression (8) 1s a conditional expression in
which a relationship of Abbe number for the first positive
lens and Abbe number for the second positive lens 1is
regulated. In a case of satistying conditional expression (8),
in a state of both the correction of the longitudinal chromatic
aberration and the correction of the chromatic aberration of
magnification achieved together, 1t becomes easy to satisiy
various design conditions of an optical system.

In a case 1 which a value becomes large on a plus side,
for 1nstance, 1n a case 1n which the value exceeds an upper
limit value of conditional expression (8), the longitudinal
chromatic aberration varies 1n a direction of being corrected
excessively, and the chromatic aberration of magnification
varies 1 a direction of being corrected mmadequately.

It 1s preferable that following conditional expression (8')
be satisfied instead of conditional expression (8).

—65<V31p~V32p<15

(8')
Moreover, 1t 1s more preferable that following conditional
expression (8") be satisfied mstead of conditional expression

(8).

_60{%’31}3‘_%’32}3{1 0

(8")

An optical system which satisfies conditional expression
(8) has a value smaller than the upper limit value. As the
value 1n the optical system becomes smaller, it becomes easy
to correct the longitudinal chromatic aberration and the
chromatic aberration of magnification 1n that optical system.
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For conditional expression (8), it 1s possible to set a
favorable upper limit value. It 1s preferable to set the upper
limit value to any of 0, —=5.0, -10.0, and -15.0. By making
such arrangement, 1t 1s possible to correct the longitudinal
chromatic aberration and the chromatic aberration of mag-
nification favorably. Moreover, from -60.0 up to —20.0 can
be said to be the most suitable range from conditional
expression (8).

In the wide-angle optical system of the present embodi-
ment, it 1s preferable that the third lens unit include a
plurality of positive lenses, the plurality of positive lenses
include a first positive lens, a second positive lens, and a
third positive lens, the first positive lens, among the plurality
of positive lenses, be a positive lens located nearest to the
object, the second positive lens, among the plurality of
positive lenses, be a positive lens located second from the
object, the third positive lens, among the plurality of positive
lenses, be a positive lens located third from the object, and
following conditional expression (9) be satisfied:

—50<V33p— (V31 p+V3op)/ 2<80

(9)

where,

v, p denotes the Abbe number for the first positive lens,

vi,p denotes the Abbe number for the second positive

lens, and

Vi3, denotes an Abbe number for the third positive lens.

Conditional expression (9) 1s a conditional expression 1n
which a relationship between an average value of Abbe
number for the first positive lens and Abbe number for the
second positive lens, and Abbe number for the third positive
lens 1s regulated. In a case of satisfying conditional expres-
s1on (9), 1n a state of both the correction of the longitudinal
chromatic aberration and the correction of the chromatic
aberration of magnification achieved together, 1t becomes
casy to satisly various design conditions of an optical
systems.

In a case 1n which a value becomes large on a minus side,
for instance, 1n a case 1in which the value falls below a lower
limit value of conditional expression (9), the longitudinal
chromatic aberration varies 1n a direction of being corrected
excessively, and the chromatic aberration of magnification
varies 1n a direction of being corrected inadequately.

It 1s pretferable that following conditional expression (9')
be satisfied instead of conditional expression (9).

~40<V33p~(V31p+V32p)/2<70 9"

Moreover, it 1s more preferable that following conditional

expression (9") be satisfied istead of conditional expression

9).

(9")

For conditional expression (9), it 1s possible to set a
favorable lower limit value. It 1s preferable to set the lower
limit value to any of -22.99, —-15.0, -10.0 and -5.0. By
making such arrangement, 1t 1s possible to correct the
longitudinal chromatic aberration and the chromatic aberra-
tion of magnification favorably. Moreover, from 0.4 up to
40.0 can be said to be the most suitable range from condi-
tional expression (9).

In the wide-angle optical system of the present embodi-
ment, it 1s preferable that the third lens unit include a
plurality of negative lenses, the plurality of negative lenses
include a first negative lens and a second negative lens, the
first negative lens, among the plurality of negative lenses, be
a negative lens located nearest to the object, the second
negative lens, among the plurality of negative lenses, be a
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negative lens located second from the object, and following
conditional expression (10) be satisfied:

—40<V 3 V3300 (10)

where,

V4, » denotes an Abbe number for the first negative lens,

and

V4, denotes an Abbe number for the second negative

lens.

Conditional expression (10) 1s a conditional expression in
which a relationship of Abbe number for the first negative
lens and Abbe number for the second negative lens 1is
regulated. In case of satistying conditional expression (10),
in a state of both the correction of the longitudinal chromatic
aberration and the correction of the chromatic aberration of
magnification achieved together, 1t becomes easy to satisiy
various design conditions of an optical systems.

In a case 1n which a value becomes large on a minus side,
for instance, 1n a case 1n which the value falls below a lower
limit value of conditional expression (10), the longitudinal
chromatic aberration varies 1n a direction of being corrected
excessively, and the chromatic aberration of magnification
varies 1n a direction of being corrected 1nadequately.

It 1s preferable that following conditional expression (10"
be satisfied instead of conditional expression (10).

Moreover, 1t 1s more preferable that following conditional
expression (10") be satisfied instead of conditional expres-

sion (10).

—20<V 3 A=V 3o <30 (10")

For conditional expression (10), 1t 1s possible to set a
tavorable lower limit value. It 1s preferable to set the lower
limit value to any of -15.34, -12.0, -8.0, and -4.0. By
making such arrangement, 1t i1s possible to correct the
longitudinal chromatic aberration and the chromatic aberra-
tion of magnification favorably. Moreover, from 0.0 up to
20.0 can be said to be the most suitable range from condi-
tional expression (10).

In a case 1n which there 1s one negative lens in the third
lens unit, 1t 1s preferable that following conditional expres-
sion be satisfied:

—40<vp<50

where,

v, denotes Abbe’s number for the negative lens.

In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that the third lens unit be fixed at the
time of carrying out the focal-position adjustment.

In the third lens umt, with respect to an aberration
variation, a tendency ol a manufacturing error sensitivity
becoming high 1s strong. Even for a small manufacturing
error, the aberration varies largely. Therefore, it 1s preferable
to keep the third lens unit fixed at the time of carrying out
the focal-position adjustment.

In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that following conditional expression

(11) be satistied:

—60<(R21F+R21R)/(R21F-R21R)<1 (11)

where,

R21F denotes a radius of curvature of a surface on the
object side of a predetermined lens component,

R21R denotes a radius of curvature of a surface on the
image side of the predetermined lens component, and
the predetermined lens component 1s a lens component
located nearest to the object 1n the second lens unait.
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In a case in which a value exceeds an upper limit value of
conditional expression (11), a vanation in the spherical
aberration at the time of focal-position adjustment or a
variation 1n the astigmatism 1s susceptible to become large.
In a case 1 which the value falls below a lower limit value
of conditional expression (11), a deterioration of the astig-
matism and a deterioration of the coma due to decentering
are susceptible to occur. As mentioned above, the decenter-
ing occurs due to a movement of the second lens unait.

It 1s preferable that following conditional expression (11')
be satisfied instead of conditional expression (11).

—40<(R21F+R21R)/(R21F-R21R)<-1 (11")

Moreover, it 1s more preferable that following conditional

expression (11") be satisfied instead of conditional expres-
sion (11).

~30<(R21F+R21R)/(R21F-R21R)<-2 (11")

An optical system which satisfies conditional expression
(11) has a value smaller than the upper limit value. As the
value 1n the optical system becomes smaller, 1t becomes
casier to correct the spherical aberration or the astigmatism
at the time of focal-position adjustment more favorably 1n
that optical system.

For conditional expression (11), 1t 1s possible to set a
favorable upper limit value. It 1s preferable to set the upper
limit value to any of 5.33106, 1.0, 0.0, and -1.0. Moreover,
from —15.0 up to -2.0 can be said to be the most suitable
range from conditional expression (11).

In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that following conditional expression

(12) be satisfied:

0.2<D21/fL<3.0 (12)

where,

D21 denotes a distance on an optical axis between a
surface nearest to the object and a surface nearest to the
image of the second lens unit, and

fI. denotes the focal length of the wide-angle optical
system at the first position.

In a case 1n which a value exceeds an upper limit value of
conditional expression (12), a weight of the second lens unit
increases or the light-ray height becomes high. As just
described, 1t 1s susceptible to become disadvantageous from
a viewpoint of suppressing the increase in the weight of the
second lens unit or suppressing the increase in the light-ray
height.

In a case 1n which the value falls below a lower limit value
of conditional expression (12), it becomes diflicult to
achieve two controls. One control 1s suppressing the varia-
tion 1n the spherical aberration at the time of focal-position
adjustment or suppressing the variation in the astigmatism.
The other control 1s suppressing the deterioration of the
coma due to decentering or suppressing the deterioration of
the astigmatism. The decentering occurs due to a movement
of a moving unit at the time of focal-position adjustment.

It 1s preferable that following conditional expression (12')
be satisfied instead of conditional expression (12).

0.3<D21/fL<2.5 (12"

Moreover, 1t 1s more preferable that following conditional

expression (12") be satisfied instead of conditional expres-
sion (12).
0.4<D21/fL<2.0 (12"

An optical system which satisfies conditional expression
(12) has a value larger than the lower limit value. As the
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value 1n the optical system becomes larger, 1t becomes easier
to achieve both of the abovementioned controls 1n that
optical system.

For conditional expression (12), 1t 1s possible to set a
tavorable lower limit value. It 1s preferable to set the lower
limit value to any of 0.34857, 0.56, 0.38, and 0.60. More-
over, Irom 0.60 up to 1.5 can be said to be the most
appropriate range for conditional expression (12).

In the wide-angle optical system of the present embodi-

ment, 1t 1s preferable that following conditional expression
(13) be satisfied:

1.01<P2F<1.35 (13)

where,
B32F denotes a magnification of the second lens unit at the
{irst position.

In a case 1n which a value exceeds an upper limit value of
conditional expression (13), an amount of focus movement
with respect to the amount of movement of the second lens
unit (heremafter, referred to as ‘focusing sensitivity’)
becomes excessively high. In this case, an accuracy at the
time of stopping the second lens unit (hereinatter, referred to
as ‘stopping accuracy’) becomes excessively high. Conse-
quently, a moving mechanism becomes complicated.

In a case 1n which a value falls below a lower limit value
of conditional expression (13), the focusing sensitivity 1s
susceptible to become low. In this case, since the amount of
movement of the second lens unit increases, a space for the
movement has to be made wide. Consequently, an optical
unit becomes large.

It 1s preferable that following conditional expression (13')
be satisfied instead of conditional expression (13).

1.03<P2F<1.30 (13"

Moreover, it 1s more pretferable that following conditional

expression (13") be satisfied instead of conditional expres-
sion (13").

1.05<P2F<1.25 (13")

In the wide-angle optical system of the present embodi-

ment, 1t 1s preferable that following conditional expression
(14) be satisfied:

1.O1<P2N/P2F<1.15 (14)

where,

B2F denotes the magnification of the second lens unit at

the first position, and

32N denotes a magnification of the second lens unit at the

second position.

In a case 1n which conditional expression (14) 1s satisfied,
since a focal length at a far point becomes short, it 1s possible
to secure a wide angle of view at a far point. Moreover, since
a focal length at a near point becomes long, it 1s possible to
achieve a high magnification at a near point.

An optical system having a wide angle of view at a far
point and a high magnification at a near point 1s appropriate
for an optical system of an endoscope. Therefore, 1t 1s
possible to use the wide-angle optical system of the present
embodiment as an optical system for an endoscope.

In an endoscope, for instance, by observing a wide range,
it 1s checked 1f there 1s a lesion part. Moreover, when 1t 1s
confirmed that there 1s a lesion part, the lesion part is
magnified and observed 1n detail. Therelfore, it 1s preferable
that an optical system of an endoscope have a wide angle of
view for a far-point observation, and have a high magnifi-
cation for a near-point observation.

5

10

15

20

25

30

35

40

45

50

55

60

65

18

Moreover, 1n the near-point observation, 1t 1s necessary to
observe a lesion part in detail. Therefore, 1n an optical
system for an endoscope, 1t 1s preferable to have an ability
to focus with a high accuracy.

In a case 1n which a value exceeds an upper limit value of
conditional expression (14), the focusing sensitivity at a
near-point side becomes high. In this case, the stopping
accuracy at the near-point side becomes high. Consequently,
it becomes diflicult to focus with high accuracy. In a case 1n
which the value falls below a lower limit value of condi-
tional expression (14), securing a wide-angle of view 1n the
far-point observation and securing a high magnification 1n
the near-point observation become diflicult. Consequently, 1t
becomes 1nappropriate for an optical system of an endo-
scope.

It 1s preferable that following conditional expression (14')
be satisfied instead of conditional expression (14).

1.02<P2N/P2F<1.12 (14)

Moreover, 1t 1s more preferable that following conditional
expression (14") be satisfied instead of conditional expres-

sion (14).

1.03<P2N/P2F<1.09 (14")

In the wide-angle optical system of the present embodi-

ment, 1t 1s preferable that following conditional expression
(15) be satisfied:

0.08<(1-P2F*)xP3F*<0.45 (15)

where,

B32F denotes the magnification of the second lens unit at

the first position, and

B3F denotes a magnification of the third lens unit at the

first position.

In a case 1n which a value exceeds an upper limit value of
conditional expression (15), the focusing sensitivity at the
far-point side becomes excessively high. In this case, the
stopping accuracy at the far-point side becomes high. In a
case 1 which the value falls below a lower limit value of
conditional expression (15), the focusing sensitivity at the
far-point side 1s susceptible to become low. In this case,
since the amount of movement of the second lens unit
increases, the space for the movement has to be made wide.
Consequently, the optical unit becomes large.

It 1s preferable that following conditional expression (15')
be satisfied instead of conditional expression (15).

0.11<(1-P2F2)xP3F2<0.35 (15"

Moreover, 1t 1s more preferable that following conditional

expression (15") be satisfied instead of conditional expres-
sion (15).

0.13<(1-p2F*)xp3F*<0.30 (15")

In the wide-angle optical system of the present embodi-

ment, 1t 1s preferable that following conditional expression
(16) be satisfied:

0.15<(1-B2N?)xP3N?<0.55 (16)

where,

32N denotes the magnification of the second lens unit at

the second position, and

B3N denotes a magmfication of the third lens unit at the

second position.

In a case 1n which a value exceeds an upper limit value of
conditional expression (16), the focusing sensitivity at the
near-point side becomes excessively high. In this case, the
stopping accuracy at the near-point side becomes high. In a
case 1 which the value falls below a lower limit value of
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conditional expression (16), the focusing sensitivity at the
near-point side 1s susceptible to become low. In this case,
since the amount of movement of the second lens unit
increases, the space for the movement has to be made wide.

It 1s preferable that following conditional expression (16")
be satisfied instead of conditional expression (16).

0.20<(1-P2N )xP3N?<0.45 (16"

Moreover, 1t 1s more preferable that following conditional

expression (16") be satisfied instead of conditional expres-
sion (16).

0.22<(1-P2N*)xP3N"<0.40 (16"

In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that the second lens unit include only
a positive lens.

By making such arrangement, 1t 1s possible to reduce the
variation in the astigmatism at the time of focal-position
adjustment.

In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that the first lens unit include only a
negative lens, and the negative lens have Abbe number
larger than Abbe number for a positive lens nearest to the
object 1n the third lens unit

It 1s not necessary to dispose an actuator 1n the first lens
unit. However, for securing a wide angle of view, an outer
diameter of the first lens unit 1s susceptible to become large.
For making the outer diameter of the first lens unit small, a
negative refractive power of the first lens unit 1s to be made
large. When the negative refractive power of the first lens
unit 1s made large, an ofl-axis aberration, particularly the
astigmatism, 1s susceptible to occur.

By disposing the plurality of negative lenses 1n the first
lens unit, 1t 1s possible to distribute the negative refractive
power of the first lens unit to the plurality of negative lenses.
As a result, even when the negative refractive power of the
first lens unit 1s made large, 1t 1s possible to correct the
ofl-axis aberration, particularly the astigmatism, favorably.

For making the light-ray height low 1n an optical system
having an extremely wide angle of view, shortening a
distance from a surface of incidence up to an entrance-pupil
position as much as possible i1s eflective. For this, not
disposing a lens which corrects a chromatic aberration 1n the
first lens unit may be one of the options. In a case 1n which
a lens which corrects the chromatic aberration 1s not dis-
posed 1n the first lens unit, the first lens umt includes only
the single lens.

In this case, the chromatic aberration of magnification 1s
susceptible to occur in the first lens unit. However, 1t 1s
possible to correct the chromatic aberration of magnification
which occurred 1n the first lens unit, 1n the third lens unit. At
this time, Abbe number for the negative single lens in the
first lens unit 1s to be made larger than Abbe number for the
positive lens nearest to the object in the third lens unat.

The positive lens nearest to the object 1n the third lens unait
1s located at a distance closest from the negative lens 1n the
first lens unit. Consequently, correction of the chromatic
aberration of magnification becomes possible without the
longitudinal chromatic aberration being deteriorated. In a
case 1n which Abbe number for the negative lens 1n the first
lens unit 1s smaller than Abbe number for the positive lens
nearest to the object 1n the third lens unit, 1t becomes dithcult
to carry out correction of the longitudinal chromatic aber-
ration and correction of the chromatic aberration of magni-
fication simultaneously.

In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that first lens unit include a plurality of
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negative lens components, the plurality of negative lens
components include a first negative lens component and a
second negative lens component, the second negative lens
component, among the plurality of negative lens compo-
nents, be a negative lens component located second from the

object, and following conditional expression (17) be satis-
f1ed:

~2.0<fL/R12F <5.0 (17)

where,

R12F  denotes a radius of curvature of a surface on the
object side of the second negative lens component, and

fI. denotes the focal length of the wide-angle optical
system at the first position.

Since the wide-angle optical system of the present
embodiment has a wide angle of view, it 1s possible to use
it for an optical system of an endoscope. In an optical system
ol an endoscope, from the viewpoint of securing the angle
of view, constraints of the aberration correction, and con-
straints of cleaning, a surface nearest to the object becomes
a flat surface or a surface convex toward the object side.
Theretfore, 1n the negative lens which 1s located second from
the object side, it 1s preferable to make an object-side surface
a strong diverging surface.

In a case 1n which a value exceeds an upper limit value of
conditional expression (17), the light-ray height in the first
lens unit 1s susceptible to become high. In a case in which
the value falls below a lower limit value of conditional
expression (17), the astigmatism 1s susceptible to occur.

The second negative lens component, for istance, 1s a
single lens having a negative refractive power located sec-
ond from the object or a cemented lens having a negative
refractive power located second from the object. In a case in
which the second negative lens component 1s a cemented
lens, the cemented lens 1s formed by a positive lens and a
negative lens. The positive lens may be located on the object
side and the negative lens may be located on the object side.

It 1s preferable that following conditional expression (17')
be satisfied instead of conditional expression (17).

~0.8<fL/R12F <0.2 (17)

Moreover, 1t 1s more preferable that following conditional
expression (17") be satisfied instead of conditional expres-

sion (17).

~0.6<fL/R12F.<0.0 (17")

In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that the first lens unit include a fourth
lens component and a fifth lens component, the fourth lens
component be a lens component located nearest to the object
in the first lens unit, the fifth lens component be a lens
component located second from the object side in the first
lens unit, the fourth lens component include a negative lens
component, the fifth lens component include a cemented
lens, and following conditional expression (18) be satisfied:

—1.0<fL/R12F,<0.5 (18)

where,

R12F, denotes a radius of curvature of a surface on the

object side of the fifth lens component, and

fI. denotes the focal length of the wide-angle optical

system at the first position.

As mentioned above, 1n an optical system ol an endo-
scope, the surface located nearest to the object becomes a
flat surface or a surface convex toward the object side.
Therefore, 1n the negative lens which located third from the
object side, 1t 1s preferable to make an object-side surface a
strong diverging surface.
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In a case 1n which a value exceeds an upper limit value of
conditional expression (18), the light-ray height 1n the first
lens unit 1s susceptible to become high. In a case in which
the value falls below a lower limit value of conditional
expression (18), the astigmatism 1s susceptible to occur. 5

It 1s preferable that following conditional expression (18")
be satisfied instead of conditional expression (18).

~0.8<fL/R12F,<0.2 (18")

Moreover, it 1s more preferable that following conditional 1

expression (18") be satisfied instead of conditional expres-
sion (18).

~0.6<fL/R12F,<0.0 (18")

In the wide-angle optical system of the present embodi- *°

ment, 1t 1s preferable that the first lens unit include a fourth
lens component, a fifth lens component, and a sixth lens
component, the fourth lens component be a lens component
located nearest to the object 1n the first lens unit, the fifth
lens component be a lens component located second from
the object side 1n the first lens unit, the sixth lens component
be a lens component located third from the object side in the
first lens unit, the fourth lens component include a negative
lens component, the fifth lens component include a negative
lens component, and the sixth lens component include a

positive lens component, and following conditional expres-
sion (19) be satisfied:

20

25

~1.0<fL/R12F <0.4 (19)

30
where,

R12F _ denotes a radius of curvature of a surface on the

object side of the fifth lens component, and

fI. denotes the focal length of the wide-angle optical

system at the first position.

As mentioned above, 1 an optical system for an endo-
scope, the surface located nearest to the object becomes a
flat surface or a surface convex toward the object side.
Therefore, 1n the negative lens which 1s located second from
the object side, it 1s preferable to make an object-side surface
a strong diverging surface.

In a case 1n which a value exceeds an upper limit value of
conditional expression (19), the light-ray height 1n the first
lens unit 1s susceptible to become high. In a case 1n which
the value falls below a lower limit value of conditional 45
expression (19), the astigmatism 1s susceptible to occur.

It 1s preferable that following conditional expression (19"
be satisfied instead of conditional expression (19).

35

40

~0.8<fL/R12F <0.2 (19"
50

Moreover, it 1s more pretferable that following conditional

expression (19") be satisfied instead of conditional expres-
sion (19).
~0.6<fL/R12F <0.0 (19" o
In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that the first lens unit include a fourth
lens component, a fifth lens component, and a sixth lens
component, the fourth lens component be a lens component
located nearest to the object 1n the first lens unit, the fifth 60
lens component be a lens component located second from
the object side 1n the first lens unit, the sixth lens component
be a lens component located third from the object side 1n the
first lens unit, the fourth lens component include a negative
lens component, the fifth lens component include a lens 65
component for which an absolute value of refractive power
1s smaller than an absolute value of a refractive power of the
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fourth lens component, the sixth lens component include a
cemented lens, and following conditional expression (20) be
satisfied:

~1.2<fL/R12F <0.2 (20)

where,

R12F  denotes a radius of curvature of a surface on the

object side of the sixth lens component, and

fI. denotes the focal length of the wide-angle optical

system at the first position.

As mentioned above, 1n an optical system ol an endo-
scope, the surface located nearest to the object becomes a
flat surface or a surface convex toward the object side.
Therefore, 1n the negative lens which located third from the
object side, 1t 1s preferable to make an object-side surface a
strong diverging surface.

In a case in which a value exceeds an upper limit value of
conditional expression (20), the light-ray height 1n the first
lens unit 1s susceptible to become high. In a case 1n which
the value falls below a lower limit value of conditional
expression (20), the astigmatism 1s susceptible to occur.

It 1s preferable that following conditional expression (20')
be satisfied instead of conditional expression (20).

~0.9<fL/R12F <0.0 (20"

Moreover, 1t 1s more preferable that following conditional
expression (20") be satisfied instead of conditional expres-

sion (20).
~0.6<fL/R12F <-0.2 (19")

In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that the first lens unit include a fourth
lens component and a fifth lens component, the fourth lens
component be a lens component located nearest to the object
in the first lens unit, the fifth lens component be a lens
component located second from the object side 1n the first
lens umit, and following conditional expression (21) be
satisfied:

~1.0<fL/fL12<0.4 (21)
where,
11,12 denotes a focal length of the fifth lens component,
and

fI. denotes the focal length of the wide-angle optical

system at the first position.

In a case in which a value exceeds an upper limit value of
conditional expression (21), 1t 1s not possible to achieve
much eflect of size reduction of the fourth component. In a
case 1 which the value falls below a lower limit value of
conditional expression (21), 1t 1s not possible to achieve
much eflect of correction of the oil-axis aberration.

It 1s preferable that following conditional expression (21')
be satisfied instead of conditional expression (21).

~0.7<fL/L12<0.2 (21")

Moreover, 1t 1s more preferable that following conditional
expression (21") be satisfied instead of conditional expres-

sion (21).

~0.6<fL/fL12<0.16 (21")

It 1s preferable that the wide-angle optical system of the
present embodiment include an 1image-side lens component,
the 1image-side lens component, among the plurality of lens
components, be a lens component located nearest to an

image, and following conditional expression (22) be satis-
fied:

100%|f, | <IR,| (22)
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where,

ts, denotes a focal length of an image-side lens compo-

nent, and

R4, denotes a radius of curvature of a surface on the image

side of the image-side lens component.

In an optical system, an optical element having a zero
refractive power 1s disposed between an image-side lens
component and an image plane 1n many cases. An optical
clement having zero refractive power 1s an optical filter or a
prism, for example. In a case 1n which conditional expres-
sion (22) 1s satisfied, 1t becomes easier both of securing a
space for disposing the optical element having a zero
refractive power and favorable correction of ng achieve both
of the astigmatism.

In conditional expression (5) and conditional expression
(6), Tor the lens component located nearest to the 1mage, the
radius of curvature of the surface 1s regulated. In conditional
expression (22), for the image-side lens component, the
radius of curvature of the surface 1s regulated. The 1mage-
side lens component 1s a lens component located nearest to
the 1mage. Accordingly, conditional expression (22), prac-
tically, can be said to be a conditional expression regulating,
conditional expression (5) and conditional expression (6).

It 1s preferable that the wide-angle optical system of the
present embodiment include the image-side lens component
and an optical element having zero refractive power,
wherein the 1mage-side lens component, among the plurality
of lens components, be a lens component located nearest to
the 1image, the optical element be located on the 1image side
of the image-side lens component, and the 1image-side lens
component and the optical element be cemented.

In an optical system, an optical element having a zero
refractive power 1s disposed between an image-side lens
component and an image plane 1n many cases. An optical
clement having zero refractive power 1s an optical filter or a
prism, for example. By cementing the image-side lens
component and the optical element, 1t 1s possible to prevent
degradation of an 1imaging performance due to decentering.

In the wide-angle optical system of the present embodi-
ment, 1t 1s preferable that following conditional expression

(23) be satisfied:

where,

y_ . denotes a maximum 1mage height,

w___ denotes an angle ol view corresponding to the

maximum image height, and

fI. denotes the focal length of the wide-angle optical

system at the first position.

The wide-angle optical system of the present embodiment
1s an optical system which has a high resolution and a small
outer diameter, and an actuator necessary for the focal-
position adjustment disposed therein. Accordingly, 1t 1s
possible to use the wide-angle optical system of the present
embodiment for an optical system of an endoscope.

For using the wide-angle optical system of the present
embodiment for an optical system of an endoscope, 1t 1s
preferable that an angle of view of not less than 100 degrees
be secured, for instance. In an optical system having an
angle of view of not less than 100 degrees, an occurrence of
a distortion 1s acceptable. Accordingly, such optical system

does not satisiy following expression (A). Expression (A) 1s
a condition with no distortion.

Y .. =fLxtan o,

FROGEX

(A)

Instead, the wide-angle optical system of the present
embodiment satisfies conditional expression (23). By satis-

10

15

20

25

30

35

40

45

50

55

60

65

24

tying conditional expression (23), 1t 1s possible to make an
outer diameter of an optical unit small while securing a wide
angle of view. Accordingly, it 1s possible to use the wide-
angle optical system of the present embodiment for an
optical system of an endoscope.

In the wide-angle optical system of the present embodi-

ment, 1t 1s preferable that following conditional expression
(24) be satisfied:

ER2<4xfL/Fpy (24)

where,

ER2 denotes an eflective radius of a surface nearest to the

image of the second lens component,

F .. denotes an eflective F-value at the first position, and

fI. denotes the focal length of the wide-angle optical

system at the first position.

Conditional expression (24) 1s a conditional expression
related to the light-ray height. By satistying conditional
expression (24), it 1s possible to use the wide-angle optical
system of the present embodiment for an optical system of
an endoscope. The eflective radius 1s determined by the
height of an outermost light ray 1n a plane.

An 1mage pickup apparatus of the present embodiment
includes an optical system, and an 1mage sensor which 1s
disposed on an 1mage plane, wherein the 1mage sensor has
an 1mage pickup surface, and converts an 1image formed on
the 1mage pickup surface by the optical system to an electric
signal, and the optical system 1s the abovementioned wide-
angle optical system.

According to the image pickup apparatus of the present
embodiment, even when an i1mage sensor with a large
number of pixels 1s used, 1t 1s possible to acquire a sharp
image corresponding to the large number of pixels.

Embodiments and examples of a wide-angle optical sys-
tem will be described below in detail by referring to the
accompanying diagrams. However, the present disclosure 1s
not restricted to the embodiments and the examples
described below.

Lens cross-sectional views of each example will be

described below.
FIG. 1A, FIG. 2A, FIG. 3A, FIG. 4A, FIG. 5A, FIG. 6A,

FIG. 7A, FIG. 8A, FIG. 9A, FIG. 10A, FIG. 11A, FIG. 12A,
FIG. 13A, and FIG. 14 A are cross-sectional views at a {ar
point.

FIG. 1B, FIG. 2B, FIG. 3B, FIG. 4B, FIG. 3B, FIG. 6B,
FIG. 7B, FIG. 8B, FIG. 9B, FIG. 10B, FIG. 11B, FIG. 12B,
FIG. 13B, and FIG. 14B are cross-sectional views at a near
point.

A first lens unit 1s denoted by G1, a second lens unit 1s
denoted by G2, a third lens unit 1s denoted by G3, an
aperture stop 1s denoted by S, a filter 1s denoted by F, a cover
glass 1s denoted by C, a prism 1s denoted by P, and an image
plane (1image pickup surface) 1s denoted by 1.

Aberration diagrams of each example will be described
below. Aberration diagrams are shown 1n order of aberration
diagrams at a far point and aberration diagrams at a near
point.

Aberration diagrams at a far point are as follow.

FIG. 15A, FIG. 16A, FIG. 17A, FIG. 18A, FIG. 19A,
FIG. 20A, FIG. 21A, FIG. 22A, FIG. 23A, FIG. 24A, FIG.
25A, FIG. 26A, FIG. 27A, and FIG. 28A show a spherical
aberration (SA).

FIG. 15B, FIG. 16B, FIG. 17B, FIG. 18B, FIG. 19B, FIG.
20B, FIG. 21B, FIG. 22B, FIG. 23B, FIG. 24B, FIG. 25B,
FIG. 26B, FIG. 27B, and FIG. 28B show an astigmatism
(AS).
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FI1G. 15C, FIG. 16C, FIG. 17C, FIG. 18C, FIG. 19C, FIG.
20C, FIG. 21C, FIG. 22C, FIG. 23C, FIG. 24C, FIG. 25C,
FIG. 26C, FIG. 27C, and FIG. 28C show a chromatic
aberration of magnification (CC).

FIG. 15D, FIG. 16D, FIG. 17D, FIG. 18D, FIG. 19D,
FIG. 20D, FIG. 21D, FIG. 22D, FIG. 23D, FIG. 24D, FIG.
25D, FIG. 26D, FIG. 27D, and FIG. 28D show a distortion
(DT).

Aberration diagrams at a near point are as follow.

FI1G. 15E, FIG. 16E, FIG. 17E, FIG. 18E, FIG. 19E, FIG.
20E, FIG. 21E, FIG. 22E, FIG. 23E, FIG. 24E, FIG. 23FE,
FIG. 26E, FIG. 27E, and FIG. 28E show a spherical aber-
ration (SA).

FI1G. 15F, FIG. 16F, FIG. 17F, FIG. 18F, FIG. 19F, FIG.
20F, FIG. 21F, FIG. 22F, FIG. 23F, FIG. 24F, FIG. 25F, FIG.
26F, FIG. 27F, and FIG. 28F show an astigmatism (AS).

FI1G. 135G, FIG. 16G, FIG. 17G, FIG. 18G, FIG. 19G,
FIG. 20G, FIG. 21G, FIG. 22G, FIG. 23G, FIG. 24G, FIG.
25@G, FIG. 26G, FIG. 27G, and FIG. 28G show a chromatic
aberration of magnification (CC).

F1G. 15H, FIG. 16H, FIG. 17H, FIG. 18H, FIG. 19H,
FIG. 20H, FIG. 21H, FIG. 22H, FIG. 23H, FIG. 24H, FIG.
25H, FIG. 26H, FIG. 27H, and FIG. 28H show a distortion
(DT).

A wide-angle optical system of an example 1 includes 1n
order from an object side, a first lens unit G1 having a
negative refractive power, a second lens unit G2 having a
positive refractive power, and a third lens unit G3 having a
positive refractive power.

The first lens unit G1 includes a planoconcave negative
lens L1, a biconcave negative lens L2, and a biconvex
positive lens L3.

The second lens umit G2 includes a positive meniscus lens
L4 having a convex surface directed toward the object side.

The third lens unit G3 includes a biconvex positive lens
L5, a negative meniscus lens .6 having a convex surface
directed toward an 1image side, a biconvex positive lens L7,
a biconcave negative lens L8, a negative meniscus lens L9
having a convex surface directed toward the object side, a
biconvex positive lens L10, a biconvex positive lens L11,
and a negative memscus lens .12 having a convex surface
directed toward the 1mage side.

The biconvex positive lens L5 and the negative meniscus
lens L6 are cemented. The biconvex positive lens L11 and
the negative meniscus lens .12 are cemented.

A filter F 1s disposed 1n the first lens umit G1. An aperture
stop S 1s disposed between the second lens unit G2 and the
third lens unit G3. A cover glass C 1s disposed on an 1mage
side of the third lens unit G3.

In an adjustment of a focal position, the second lens unit
(G2 1s moved. At the time of adjustment from a far point to
a near point, the second lens umt G2 1s moved toward the
image side.

A wide-angle optical system of an example 2 includes 1n
order from an object side, a first lens unit G1 having a
negative refractive power, a second lens unit G2 having a
positive refractive power, and a third lens unit G3 having a
positive refractive power.

The first lens unit G1 includes a planoconcave negative
lens L1, a biconcave negative lens L2, and a positive
meniscus lens L3 having a convex surface directed toward
the object side.

The second lens umit G2 includes a positive meniscus lens
L4 having a convex surface directed toward the object side.

The third lens unit G3 includes a positive meniscus lens
L5 having a convex surface directed toward the object side,
a negative meniscus lens L6 having a convex surface
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directed toward the object side, a biconvex positive lens L7,
a positive meniscus lens L8 having a convex surface
directed toward an 1image side, a biconcave negative lens L9,
a positive meniscus lens LL10 having a convex surface
directed toward the image side, and a biconvex positive lens
L11.

The negative meniscus lens L6 and the biconvex positive
lens L7 are cemented. The positive meniscus lens L8 and the
biconcave negative lens L9 are cemented.

A filter F 1s disposed 1n the first lens unit G1. An aperture
stop S 1s disposed between the second lens unit G2 and the
third lens unit G3. A cover glass C 1s disposed on an 1mage
side of the third lens unit G3.

In an adjustment of a focal position, the second lens unit
(G2 1s moved. At the time of adjustment from a far point to
a near point, the second lens umt G2 1s moved toward the
image side.

A wide-angle optical system of an example 3 includes 1n
order from an object side, a first lens unit G1 having a
negative refractive power, a second lens unit G2 having a
positive refractive power, and a third lens unit G3 having a
positive relfractive power.

The first lens unit G1 includes a negative meniscus lens
L1 having a convex surface directed toward the object side,
a biconcave negative lens L2, and a positive meniscus lens
[.3 having a convex surface directed toward the object side.

The second lens unit G2 includes a positive meniscus lens
[.4 having a convex surface directed toward the object side.

The third lens unit G3 includes a positive meniscus lens
L5 having a convex surface directed toward the object side,
a biconcave negative lens L6, a biconvex positive lens L7,
a positive meniscus lens L8 having a convex surface
directed toward an 1image side, a biconcave negative lens L9,
a biconvex positive lens .10, and a positive meniscus lens
.11 having a convex surface directed toward the object side.

The biconcave negative lens L6 and the biconvex positive
lens L7 are cemented. The positive meniscus lens L8 and the
biconcave negative lens L9 are cemented.

A filter F 1s disposed 1n the first lens unit G1. An aperture
stop S 1s disposed between the second lens unit G2 and the
third lens unit G3. A cover glass C 1s disposed on an 1mage
side of the third lens unit G3.

In an adjustment of a focal position, the second lens unit
(G2 1s moved. At the time of adjustment from a far point to
a near point, the second lens umt G2 1s moved toward the
image side.

A wide-angle optical system of an example 4 includes 1n
order from an object side, a first lens unit G1 having a
negative refractive power, a second lens unit G2 having a
positive refractive power, and a third lens unit G3 having a
positive relfractive power.

The first lens unit G1 includes a negative meniscus lens
L1 having a convex surface directed toward the object side,
a biconcave negative lens L2, and a positive meniscus lens
[.3 having a convex surface directed toward the object side.

The second lens unit G2 includes a positive meniscus lens
[.4 having a convex surface directed toward the object side.

The third lens unit G3 includes a positive meniscus lens
L5 having a convex surface directed toward the object side,
a negative meniscus lens L6 having a convex surface
directed toward the object side, a biconvex positive lens L7,
a biconvex positive lens L8, a biconcave negative lens L9,
a biconvex positive lens .10, and a positive meniscus lens
.11 having a convex surface directed toward the object side.

The negative meniscus lens L6 and the biconvex positive
lens L7 are cemented. The biconvex positive lens L8 and the
biconcave negative lens L9 are cemented.
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A filter F 1s disposed 1n the first lens unit G1. An aperture
stop S 1s disposed between the second lens unit G2 and the
third lens unit G3. A cover glass C 1s disposed on an 1mage
side of the third lens unit G3.

In an adjustment of a focal position, the second lens unit
(G2 1s moved. At the time of adjustment from a far point to
a near point, the second lens umt G2 1s moved toward the
image side.

A wide-angle optical system of an example 5 includes 1n
order from an object side, a first lens unit G1 having a
negative refractive power, a second lens unit G2 having a
positive refractive power, and a third lens unit G3 having a
positive refractive power.

The first lens unit G1 includes a negative meniscus lens
[.1 having a convex surface directed toward the object side,
a biconcave negative lens L2, and a positive meniscus lens
.3 having a convex surface directed toward the object side.

The second lens umit G2 includes a positive meniscus lens
[.4 having a convex surface directed toward the object side.

The third lens unit G3 includes a positive meniscus lens
L5 having a convex surface directed toward the object side,
a biconvex positive lens L6, a negative meniscus lens L7
having a convex surface directed toward an image side, a
biconvex positive lens L8, a biconcave negative lens L9, a
positive meniscus lens .10 having a convex surface directed
toward the 1image side, a biconvex positive lens LL11, and a
planoconvex positive lens L12.

The biconvex positive lens L6 and the negative meniscus
lens L7 are cemented. The biconvex positive lens L8 and the
biconcave negative lens L9 are cemented.

Afilter F 1s disposed between the first lens unit G1 and the
second lens unit G2. An aperture stop S 1s disposed in the
third lens unit G3. A cover glass C 1s disposed on an 1image
side of the third lens unit G3. The planoconvex positive lens
[.12 and the cover glass C are cemented.

In an adjustment of a focal position, the second lens umit
(G2 1s moved. At the time of adjustment from a far point to
a near point, the second lens umt G2 1s moved toward the
image side.

A wide-angle optical system of an example 6 includes 1n
order from an object side, a first lens unit G1 having a
negative refractive power, a second lens unit G2 having a
positive refractive power, and a third lens unit G3 having a
positive refractive power.

The first lens unit G1 includes a negative meniscus lens
L1 having a convex surface directed toward the object side,
a negative meniscus lens .2 having a convex suriace
directed toward an 1mage side, and a positive meniscus lens
.3 having a convex surface directed toward the image side.

The second lens umit G2 includes a positive meniscus lens
L4 having a convex surface directed toward the object side.

The third lens unit G3 includes a biconvex positive lens
L5, a negative meniscus lens .6 having a convex surface
directed toward the image side, a biconvex positive lens L7,
a negative meniscus lens L8 having a convex surface
directed toward the object side, a positive meniscus lens L9
having a convex surface directed toward the object side, a
biconvex positive lens .10, a negative meniscus lens 111
having a convex surface directed toward the image side, a
negative meniscus lens 12 having a convex surface
directed toward the image side, a negative meniscus lens
[.13 having a convex surface directed toward the object side,
and a planoconvex positive lens L14.

The biconvex positive lens L5 and the negative meniscus
lens L6 are cemented. The negative meniscus lens L8 and
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the positive meniscus lens L9 are cemented. The biconvex
positive lens .10 and the negative meniscus lens LL11 are
cemented.

A filter F 1s disposed in the first lens unit G1. An aperture
stop S 1s disposed 1n the third lens unit G3. A cover glass C
1s disposed on an 1image side of the third lens unit G3. The

planoconvex positive lens .14 and the cover glass C are
cemented.

In an adjustment of a focal position, the second lens unit
(G2 1s moved. At the time of adjustment from a far point to
a near point, the second lens umt G2 1s moved toward the
image side.

A wide-angle optical system of an example 7 includes 1n
order from an object side, a first lens unit G1 having a
negative refractive power, a second lens unit G2 having a
positive refractive power, and a third lens unit G3 having a
positive relfractive power.

The first lens umt G1 ncludes a planoconcave negative
lens L1, a biconcave negative lens L2, and a positive
meniscus lens L3 having a convex surface directed toward
the object side. The biconcave negative lens L2 and the
positive meniscus lens L3 are cemented.

The second lens unit G2 includes a positive meniscus lens
L4 having a convex surface directed toward the object side.

The third lens unit G3 includes a negative meniscus lens
L5 having a convex surface directed toward the object side,
a biconvex positive lens L6, a negative meniscus lens L7
having a convex surface directed toward the object side, a
biconvex positive lens L8, a biconcave negative lens L9, a
biconvex positive lens 1L10, a biconvex positive lens L11,
and a negative meniscus lens .12 having a convex surface
directed toward the object side.

The negative meniscus lens L5 and the biconvex positive
lens L6 are cemented. The negative meniscus lens L7 and
the biconvex positive lens L8 are cemented. The biconcave
negative lens L9 and the biconvex positive lens L10 are
cemented.

A filter F 1s disposed 1n the first lens unit G1. An aperture
stop S 1s disposed 1n the third lens unit G3. A cover glass C
and a prism P are disposed on an image side of the third lens
unmt G3.

In an adjustment of a focal position, the second lens unit
(G2 1s moved. At the time of adjustment from a far point to
a near point, the second lens umt G2 1s moved toward the
image side.

A wide-angle optical system of an example 8 includes 1n
order from an object side, a first lens unit G1 having a
negative refractive power, a second lens unit G2 having a
positive refractive power, and a third lens unit G3 having a
positive relfractive power.

The first lens umt G1 ncludes a planoconcave negative
lens L1, a planoconvex positive lens L2, a biconcave nega-
tive lens L3, and a biconvex positive lens 4. The biconcave
negative lens L3 and the biconvex positive lens L4 are
cemented.

The second lens unit G2 includes a positive meniscus lens
L5 having a convex surface directed toward the object side.

The third lens unit G3 includes a biconvex positive lens
[.6, a negative meniscus lens L7 having a convex surface
directed toward an image side, a negative meniscus lens L8
having a convex surface directed toward the object side, a
positive meniscus lens L9 having a convex surface directed
toward the object side, a biconvex positive lens L10, a
negative meniscus lens L11 having a convex surface
directed toward the 1image side, and a planoconvex positive

lens 1.12.
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The biconvex positive lens L6 and the negative meniscus
lens L7 are cemented. The negative meniscus lens L8 and
the positive meniscus lens L9 are cemented. The biconvex
positive lens .10 and the negative meniscus lens LL11 are
cemented.

An aperture stop S and a filter F are disposed 1n the third
lens unit G3. A cover glass C 1s disposed on an image side
of the third lens unit G3. The planoconvex positive lens .12
and the cover glass C are cemented.

In an adjustment of a focal-position, the second lens unit
(G2 1s moved. At the time of adjustment from a far point to
a near point, the second lens umt G2 1s moved toward the
image side.

A wide-angle optical system of an example 9 includes 1n
order from an object side, a first lens unit G1 having a
negative refractive power, a second lens unit G2 having a
positive refractive power, and a third lens unit G3 having a
positive refractive power.

The first lens unit G1 includes a planoconcave negative
lens L1, a positive meniscus lens L2 having a convex surface
directed toward an 1image side, a biconcave negative lens L3,
and a biconvex positive lens 4. The biconcave negative
lens L3 and the biconvex positive lens L4 are cemented.

The second lens umit G2 includes a positive meniscus lens
L5 having a convex surface directed toward the object side.

The third lens unit G3 includes a biconvex positive lens
L6, a biconcave negative lens L7, a negative meniscus lens
.8 having a convex surface directed toward the object side,
a positive meniscus lens L9 having a convex surface
directed toward the object side, a biconvex positive lens
[.10, a negative meniscus lens .11 having a convex surface
directed toward the image side, and a planoconvex positive
lens L.12.

The biconvex positive lens L6 and the biconcave negative
lens L7 are cemented. The negative meniscus lens L8 and
the positive meniscus lens L9 are cemented. The biconvex
positive lens L10 and the negative memscus lens 11 are
cemented.

An aperture stop S and a filter F are disposed 1n the third
lens unit G3. A cover glass C 1s disposed on an image side
of the third lens unit G3. The planoconvex positive lens .12
and the cover glass C are cemented.

In an adjustment of a focal-position, the second lens unit
(G2 1s moved. At the time of adjustment from a far point to
a near point, the second lens umt G2 1s moved toward the
image side.

A wide-angle optical system of an example 10 includes 1n
order from an object side, a first lens unit G1 having a
negative refractive power, a second lens unit G2 having a
positive refractive power, and a third lens unit G3 having a
positive refractive power.

The first lens unit G1 includes a planoconcave negative
lens L1, a biconcave negative lens L2, and a positive
meniscus lens L3 having a convex surface directed toward
the object side. The biconcave negative lens L2 and the
positive memscus lens L3 are cemented.

The second lens umit G2 includes a positive meniscus lens
L4 having a convex surface directed toward the object side.

The third lens unit G3 ncludes a positive meniscus lens
L5 having a convex surface directed toward the object side,
a negative meniscus lens L6 having a convex suriace
directed toward the object side, a biconvex positive lens L7,
a negative meniscus lens L8 having a convex suriace
directed toward the object side, a biconvex positive lens L9,
and a planoconvex positive lens L10.
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The negative meniscus lens L6 and the biconvex positive
lens L7 are cemented. The negative meniscus lens L8 and
the biconvex positive lens L9 are cemented.

A filter F 1s disposed in the first lens unit G1. An aperture
stop S 1s disposed 1n the third lens unit G3. A cover glass C
1s disposed on an 1image side of the third lens unit G3. The

planoconvex positive lens 110 and the cover glass C are
cemented.

In an adjustment of a focal position, the second lens unit
(G2 1s moved. At the time of adjustment from a far point to
a near point, the second lens unit G2 1s moved toward an
image side.

A wide-angle optical system of an example 11 includes 1n
order from an object side, a first lens unit G1 having a
negative refractive power, a second lens unit G2 having a
positive refractive power, and a third lens unit G3 having a
positive relfractive power.

The first lens umt G1 ncludes a planoconcave negative
lens L1, a biconcave negative lens L2, and a biconvex
positive lens L3. The biconcave negative lens L2 and the
biconvex positive lens L3 are cemented.

The second lens unit G2 1includes a positive meniscus lens
L4 having a convex surface directed toward the object side.

The third lens umit G3 includes a negative meniscus lens
L5 having a convex surface directed toward the object side,
a biconvex positive lens L6, a negative meniscus lens L7
having a convex surface directed toward the object side, a
biconvex positive lens L8, a negative meniscus lens L9
having a convex surface directed toward the object side, a
biconvex positive lens LL.10, and a planoconvex positive lens
L11.

The negative meniscus lens L5 and the biconvex positive
lens L6 are cemented. The negative meniscus lens L7 and
the biconvex positive lens L8 are cemented. The negative
memiscus lens L9 and the biconvex positive lens L10 are
cemented.

An aperture stop S and a filter F are disposed in the third
lens unit G3. A cover glass C 1s disposed on an image side
of the third lens unit G3. The planoconvex positive lens LL11
and the cover glass C are cemented.

In an adjustment of a focal-position, the second lens unit
(G2 1s moved. At the time of adjustment from a far point to
a near point, the second lens unit G2 1s moved toward an
image side.

A wide-angle optical system of an example 12 includes 1n
order from an object side, a first lens unit G1 having a
negative refractive power, a second lens unit G2 having a
positive refractive power, and a third lens unit G3 having a
positive relfractive power.

The first lens umit G1 ncludes a planoconcave negative
lens L1.

The second lens unit G2 includes a positive meniscus lens
[.2 having a convex surface directed toward the object side.

The third lens unit G3 includes a biconvex positive lens
L3, a negative meniscus lens L4 having a convex surface
directed toward an 1mage side, a biconvex positive lens L3,
a biconcave negative lens L6, a biconvex positive lens L7,
and a biconvex positive lens LS.

The biconvex positive lens L3 and the negative meniscus
lens L4 are cemented. The biconvex positive lens L5, the

biconcave negative lens L6, and the biconvex positive lens
L7 are cemented.

A filter F 1s disposed between the first lens unit G1 and the
second lens unit G2. An aperture stop S 1s disposed 1n the
third lens unit G3. A prism P and a cover glass C are
disposed on an 1mage side of the third lens unit G3.
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In an adjustment of a focal position, the second lens unit
(G2 1s moved. At the time of adjustment from a far point to
a near point, the second lens umt G2 1s moved toward the
image side.

A wide-angle optical system of an example 13 includes 1n
order from an object side, a first lens unit G1 having a
negative refractive power, a second lens unit G2 having a
positive refractive power, and a third lens unit G3 having a
positive refractive power.

The first lens unit G1 includes a planoconcave negative
lens L1, a biconcave negative lens L2, and a biconvex
positive lens L3. The biconcave negative lens L2 and the
biconvex positive lens L3 are cemented.

The second lens unit G2 includes a positive meniscus lens
[.4 having a convex surface directed toward the object side.

The third lens unit G3 includes a biconvex positive lens
L3, a biconvex positive lens 6, a negative meniscus lens L7
having a convex surface directed toward an 1image side, and
a planoconvex positive lens L8. The biconvex positive lens
[.6 and the negative meniscus lens L7 are cemented.

An aperture stop S 1s disposed between the second lens
unit G2 and the third lens unit G3. A filter F 1s disposed in
the third lens unit G3. A cover glass C 1s disposed on an
image side of the third lens unit G3. The planoconvex
positive lens L8 and the cover glass C are cemented.

In an adjustment of a focal position, the second lens unit
(G2 1s moved. At the time of adjustment from a far point to
a near point, the second lens umt G2 1s moved toward the
image side.

A wide-angle optical system of an example 14 includes 1n
order from an object side, a first lens unit G1 having a
negative refractive power, a second lens unit G2 having a
positive refractive power, and a third lens unit G3 having a
positive refractive power.

The first lens unit G1 includes a planoconcave negative
lens L1, a biconcave negative lens L2, and a biconvex
positive lens L3. The biconcave negative lens L2 and the
biconvex positive lens L3 are cemented.

The second lens umit G2 includes a positive meniscus lens
[.4 having a convex surface directed toward the object side.

The third lens unit G3 includes a planoconvex positive
lens LS, a negative meniscus lens L6 having a convex
surface directed toward the objet side, a planoconvex posi-
tive lens L7, a biconvex positive lens L8, a negative menis-
cus lens L9 having a convex surface directed toward an
image side, and a planoconvex positive lens L10.

The negative meniscus lens L6 and the planoconvex
positive lens L7 are cemented. The biconvex positive lens
[.8 and the negative meniscus lens L9 are cemented.

An aperture stop S and a filter F are disposed 1n the third
lens unit G3. A cover glass C 1s disposed on an image side
of the third lens unit G3. The planoconvex positive lens 110
and the cover glass C are cemented.

In an adjustment of a focal position, the second lens unit
(G2 1s moved. At the time of adjustment from a far point to
a near point, the second lens umt G2 1s moved toward the
image side.

Numerical data of each example described above 1s
shown below. In Surface data, r denotes radius of curvature
of each lens surface, d denotes a distance between respective
lens surfaces, nd denotes a refractive index of each lens for
a d-line, vd denotes an Abbe number for each lens and *
denotes an aspherical surface. A stop i1s an aperture stop.

Moreover, in Various data, OBJ denotes an object dis-
tance, FL. denotes a focal length of the entire system, MG
denotes a magnification of the entire system, NAI denotes a
numerical aperture, FNO. denotes an F number, FIY and
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FIM denote an image height, L'TL denotes a lens total length
of the optical system, and FB denotes a back focus.

The back focus 1s a unit which 1s expressed upon air
conversion ol a distance from a rearmost lens surface to a
paraxial image surface. The lens total length 1s a distance
from a frontmost lens surface to the rearmost lens surface
plus back focus. Moreover, 31 denotes a magnification of
the first lens unit, p2 denotes a magnification of the second
lens unit, 3 denotes a magnification of the third lens unait.

Further, 1n Unit focal length, each of 11, 12 . . . 1s a focal
length of each lens unat.

A shape of an aspherical surface 1s defined by the fol-
lowing expression where the direction of the optical axis 1s
represented by z, the direction orthogonal to the optical axis
1s represented by v, a conical coetlicient 1s represented by K,

aspherical surface coetlicients are represented by A4, A6,
A8, Al10, Al12. ..

7Z=(y*I)/[1+{1-(1+k) (y/1)*}'?]+A4 y*+A6 y°+AS8
yvo+A10 y'°4+A12 v+ .

Further, 1n the aspherical surface coethcients, ‘E -n’
(where, n 1s an integral number) indicates ‘107, Moreover,
these symbols are commonly used 1n the following numeri-
cal data for each example.

Example 1
Unit mm
Surface data
Surface no. r d nd vd ER
Object plane 0 21.0000
1 e 0.3700 1.88300  40.76 1.598
2 1.3365 0.7000 1. 1.054
3 o 0.4000 1.51633 64.14 1.020
4 e 0.2000 1. 0.970
5 -2.4149 0.2932 1.88300  40.76 0.971
6 11.5245 0.0905 1. 1.030
7 9.8202 0.6960 1.78472 25.68 1.061
8 -3.2386 d¥ 1. 1.110
9 1.7471 0.5591 1.49700 81.54 1.033
10 1.8893 d10 ] 0.904
11(Stop) o 0.1000 0.570
12 1.6617 0.8323 1.58913 61.14 0.648
13 -1.3612 0.2948 1.83400 37.16 0.665
14 —-4.5054 0.0944 1. 0.706
15 2.3887 0.7740 1.58913 61.14 0.720
16 —-1.6464 0.0861 1. 0.676
17 —-1.3548 0.2847 1.88300  40.76 0.642
18 1.6199 0.0148 1. 0.669
19 1.5740 0.2830 1.69895 30.13 0.689
20 1.8348 0.0446 1. 0.712
21 1.9198 0.8306 1.51742 52.43 0.739
22 -3.6617 0.0887 1. 0.828
23 9.6091 0.8470 1.51633 64.14 0.852
24 -1.4071 0.2937 1.88300  40.76 0.873
25 -4.5032 0.0856 1. 0.961
26 e 1.5000 1.51633 64.14 0.98%
27 o 0.0700 ] 1.129
Image plane e 0.
Various data
Far Point Near point
OBJ 21.0000 2.9000
FL 1.08640 1.03636
MG —-0.049360 —-0.266448
NAI 0.1264 0.1262
FIY 1.140 1.140
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-continued

Various data

US 12,085,707 B2

Unit focal length

LTL
FB
d&
d10
p1
P2
3

Far Point

12.443%
0.01637
0.36201
2.24%872
0.06727
1.12363

—-0.65304

Near point

12.443%

-0.20614
1.95324
0.6574%
0.33940
1.20217

—-0.65304

f1=-1.51854, 12=20.26060, 13=2.68873

Example 2
Unit mm
Surface data

Surface no. T d nd vd ER
Object plane e 21.0000

1 <0 0.3700 1.88300 40.76 1.881

2 1.80R9 0.6000 1. 1.306

3 <o 0.4000 1.51633 64.14 1.293

4 <o 0.1633 1. 1.209

5 —7.7140 0.2084 1.88300 40.76 1.185

6 3.9041 0.0965 1. 1.135

7 2.4546 0.8446 1.92286 18.90 1.157

8 3.1566 d& 1. 1.013

9 2.2403 1.5268 1.49700 81.54 0.981
10 3.3915 d10 ' 0.697
11(Stop) co 0.0783 0.460
12% 4.0614 0.3192 1.88300 40.76 0.485
13% 11.1597 0.0830 1. 0.526
14 2.0140 0.3000 1.88300 40.76 0.578
15 1.5060 0.8356 1.51742 52.43 0.586
16 -1.5170 0.0934 1. 0.663
17 -10.3264 1.2276 1.51633 64.14 0.654
18 -1.3625 0.2968 1.84666 23.78 0.649
19 1.8989 0.2849 1. 0.704
20 -48.9192 0.5397 1.72916 54.68 0.805
21 -2.6727 0.0956 1. 0.941
22 3.6698% 0.5463 1.88300 40.76 1.093
23 -86.8018 0.3500 1. 1.101
24 co 1.4000 1.51633 64.14 1.111
25 <o 0.0757 ' 1.137
Image plane e 0.

Aspherical surface data

12th surface
K=0.

A2=0.0000E+00, A4=2.2626E-02, A6=—1.5521E-01,

A3=7.9970E-01,

Al10=-1.6090E+00, A12=-1.8424E-01, Al14=1.3225.

00,
A16=0.0000

13th surtace
K=0.

A2=0.0000E+00, A4=5.9775E-02, A6=-3.6261E-02,

7+00, A18=0.0000E+00, A20-0.0000E+00

A8=2.2828E-01,

Al0==3.7908E-01, Al12=7.3652

01,
A16=0.0000

<-02, Al4=—-4.9792

++00, A18=0.0000E+00, A20=0.0000E+00

(L.
+

L1
|
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Various data

OBIJ
F1.
MG
FNO
FTY
LTL
FB
d8
d10
B1
B2
B3

Far Point

21.0000
0.95940

—-0.042789

3.9659
1.140
12.4974
0.03465
0.37036
1.3012%
0.04739
1.11562

—-0.80926

Unit focal length
t1=-1.07356, 12=9.21973, 13=2.80485

Near point

2.9000

0.97543
—-0.2277651

3.8809
1.140
12.4974

—-0.14635
1.16143
0.51021
0.23415
1.20142

—-0.80926

Example 3
Unit mm
Surface data

Surface no. T d nd vd ER
Object plane 0 17.0000

1 20.0000 0.3700 1.88300  40.76 2.170

2 1.8355 0.6000 1. 1.438

3 e 0.4000 1.51633 64.14 1.482

4 e 0.3651 1. 1.367

5 -6.0073 0.7484 1.88300  40.76 1.260

6 3.8110 0.5388 1. 1.141

7 2.9102 0.4410 1.92286 18.90 1.179

8 4.0476 d¥ 1. 1.118

9 2.4287 1.7001 1.49700 81.54 1.08%
10 3.4681 d10 ] 0.763
11(Stop) e 0.0944 0.501
127% 1.7041 0.3825 1.88300  40.76 0.600
13% 5.1778 0.2781 1. 0.590
14 —29.8880 0.3000 1.88300  40.76 0.629
15 2.9929 0.6826 1.51633 64.14 0.668
16 -1.6314 0.1268 1. 0.749
17 —8.7698 1.5571 1.51633 64.14 0.757
18 —1.4188 0.3403 1.84666 23.78 0.820
19 4.3711 0.6288 1. 0.933
20 264.1515 0.7659 1.72916 54.68 1.240
21 -2.7702 0.1844 1. 1.362
22 2.3631 0.6206 1.88300  40.76 1.495
23 3.9331 0.4000 1. 1.392
24 e 1.4000 1.51633 64.14 1.35%8
25 e 0.0411 ] 1.147
Image plane 0 0.

Image plane o 0.

Aspherical surface data
12th surface

K=0.

A2=0.0000.
A8=-3.8939
A10=0.0000.

K=0.

A2=0.0000

A8=4.8603.

A10=0.0000.

--02,

H4+00,
H-03,
H+00 13th surface

= +00,

- +00

Various data

A4=5.2580E-02,

A4=1.2458E-01,

A6=5.3691E-02,

A6=7.6091E-02,

OBJ
FL

Far Point

17.0000

0.96374

Near point

3.0000

0.99290
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-continued

Various data

US 12,085,707 B2

Unit focal length

MG
FNO
FIY
ITL
FB
d8
d10
Bl
B2
B3

Far Point

-0.051712

3.8797
1.140
14.5440
—0.0087%
0.28712
1.29110
0.06071
1.13728
—-0.74900

Near point

—-0.215244

3.8945
1.140
14.5440
-0.17266
1.03089
0.54733
0.23796
1.20°767
—-0.74900

11=-1.14099, 12=10.56718, 13=4.20765

Example 4
Unit mm
Surface data

Surface no. T d nd vd ER
Object plane <o 17.0000

1 18.6062 0.3700 1.88300 40.76 1.550

2 1.1634 0.6000 1. 0.954

3 <o 0.4000 1.51633 64.14 0.921

4 <o 0.2106 1. 0.839

5 -2.9012 0.2087 1.88300 40.76 0.816

6 6.6566 0.0969 1. 0.825

7 2.2651 0.4862 1.67270 32.10 0.857

8 7.9728 dg& 1. 0.830

9 2.1192 0.9855 1.49700 81.54 0.806
10 2.7662 d10 ‘ 0.651
11(Stop) <o 0.0820 0.510
12% 1.5966 0.3119 1.88300 40.76  0.557
13% 1.8942 0.0923 1. 0.547
14 1.2718 0.3000 1.88300 40.76 0.58%
15 0.8534 1.2563 1.51742 52.43 0.549
16 -2.5219 0.2499 1. 0.650
17 263.2306 0.8622 1.49700 81.54 0.650
1% —-1.3145 0.3172 1.92286 18.90 0.650
19 2.8013 0.1794 1. 0.733
20 17.9648 0.6025 1.78472 25.68 0.806
21 -2.5539 0.0985 1. 0.937
22 4.4647 0.4767 1.78472 25.68 1.044
23 837.6148 0.3500 1. 1.056
24 <o 1.5000 1.51633 64.14 1.078
25 <o 0.0239 ‘ 1.140
Image plane e 0.

Aspherical surface data
12th surface

K=0.

A2=0.0000

A8=1.8821E-01,
Al0=-2. 6187E-01

13th surface

K=0.

A2=0.0000

A83=4.5913E-02,
A10=-1.4874E-01

<+00, A4=1.1151E-01,

A6=-2.3503E-02,

H+00, A4=5.4679E-02, A6=-7.3153E-02,

10

15

20

25

30

35

40

45

50

55

60

65

36

Various data

Unit focal length

OBIJ
FL.
MG
FNO
FTY
LTL
FB
d8
d10
Bl
B2
B3

Far Point

17.0000
0.95516

—-0.052812

3.9309
1.140
11.7045
—-0.02656
0.28665
1.26710
0.05086
1.08934
-0.95317

Near point

3.0000
0.95802

—-0.235620

3.8269
1.140
11.7045
—-0.20184
1.04021
0.51353
0.21466
1.15157
—-0.95317

11=-0.93319, 12=12.10818, 13=2.86916

Example 5
Unit mm
Surface data
Surface no. r d nd vd ER
Object plane 0 17.0000
1 167.9781 0.3000 1.88300 40.76 1.564
2 1.6545 0.7012 1. 1.131
3 —-5.5183 0.3000 1.88300 40,76 1.082
4 3.1744 0.0871 1. 1.041
5 2.5804 0.7814 1.84666 23.778 1.066
6 6.9505 0.1577 1. 0.996
7 e 0.4000 1.51633 64.14 0.98%
8 e d¥ 1. 0.965
9 1.88XK 0.4616 1.49700 81.54 0.928
10 2.1977 d10 1. 0.836
117% 1.8361 05888 1.80625 40.91 0.610
12% 6.388K 0.1529 “ 0.483
13(Stop) % 0.1033 0.434
14 7.954% 0.7137 1.49700 81.54 0.462
15 —0.9463 0.2804 1.88300 50.15 0.534
16 -1.4714 0.0811 1. 0.610
17 7.9058 1.2449 1.49700 81.54 0.624
18 -1.8551 0.2802 1.84666 23.78 0.640
19 1.8960 0.2604 1. 0.682
20 -28.2916 0.5750 1.69895 40.19 0.759
21 -3.3461 0.0701 1. 0.916
22 6.3282 0.5457 1.69895 30.13 1.024
23 -12.4763 0.3661 1. 1.083
24 5.0000 1.0000 1.88300 40.76 1.182
25 e 0.6000 1.51633 64.14 1.162
26 e 0.0441 ’ 1.145
Image plane e 0.
Aspherical surface data
11th surface
K=0.4228
A2=0.0000E+00, A4=1.9118E-02, A6=0.0000E+00,
A8=0.0000E+00,
A10=0.0000E+00
12th surface
K=0.
A2=0.0000E+00, A4=8.0725E-02, A6=0.0000E+00,

A3=0.0000E+00,

A10=0.0000.

- +00
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Various data

US 12,085,707 B2

OBJ
FL,
MG
FNO
FIY
L TL
FB
d8
d10
Bl
B2
B3

Far Point

1

1

Unit focal length
11=-1.15452, 12=18.07196, 13=3.62238

7.0000
1.01557
0.055562
3.9399
1.140
1.7980
0.01230
0.18900
1.51315
0.06224
1.08568
0.82231

Near point

3.0000

1.01923
—-0.239423

3.9046
1.140
11.7980

—-0.19990
1.30877
0.39339
0.25370
1.14764

-0.82231

Example 6
Unit mm
Surface data
Surface no. iy d nd vd ER
Object plane e 23.0000
1 23.3351 0.3000 1.88300 40.76 1.615
2 1.3180 1.0918 1. 1.065
3 -2.3725 0.3000 1.72916 54.68 0.963
4 —-14.0022 0.0758 1. 0.981
5 e 0.4000 1.51633 64.14 0.983
6 e 0.1000 1. 0.985
7 -7.2570 0.5313 1.84666 23.78 0.986
8 —-4.6300 d¥ 1. 1.019
9 1.5542 0.4753 1.49700 81.61 0.973
10 1.7441 d10 1. 0.867
11 6.3417 0.8343 1.69895 30.13 0.700
12 —-1.2695 0.2967 1.84666 23.78 0.632
13 —-8.2452 0.0892 ] 0.610
14(Stop) e 0.0900 1. 0.544
15 3.3742 1.3677 1.84666 23.78 0.628
16 —-37.5413 0.0916 1. 0.687
17 3.4999 0.8220 1.92286 18.90 0.698
18 1.4223 0.3889 1.49700 81.61 0.663
19 1.9638 0.0578 1. 0.700
20 2.2850 1.0027 1.49700 81.61 0.718
21 —-1.2509 0.2904 1.84666 23.78 0.794
22 -2.1469 0.0769 1. 0.887
23 -2.2922 0.5036 1.80610 40.92 0.894
24 —-2.7798 0.0825 1. 1.007
25 2.0361 0.2532 1.72825 28.46 1.067
26 1.6933 0.7456 1. 1.011
27 5.5337 1.0000 1.88300 40.76 1.122
28 e 0.6000 1.51633 64.14 1.131
29 e 0.0451 ] 1.138
Image plane e 0.
Various data
Far Point Near point
OBJ 23.0000 3.5000
FL 1.01803 1.00996
MG —-0.042133 -0.217390
FNO 3.8210 3.7550
FIY 1.140 1.140
LTL 13.4982 13.49%82
FB 0.00220 —-0.17446
dg 0.26049 1.10362
d10 1.32512 0.48199
Pl 0.04971 0.24508
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-continued

Various data

P2
B3

Far Point

1.15340
—-0.73482

Unit focal length
f1=-1.21606, 12=15.68585, 13=3.50719

Near point

1.20715
—-0.73482

Example 7
Unit mm
Surface data

Surface no. I d nd vd ER
Object plane 0 13.0000

1 o 0.2500 1.88300  40.76 1.404

2% 0.9721 0.5998 1. 0.965

3 0 0.4000 1.49400 75.01 0.945

4 o 0.1025 1. 0.891

5 -7.4090 0.3000 1.81600  46.62 0.881

6 1.0886 0.7980 1.80518 25.42 0.840

7 76.4205 d7 1. 0.820

g* 2.2208 0.4521 1.49700 81.54 0.786

9% 2.9006 d9 1. 0.722
10 6.3327 0.3000 1.83400 37.16 0.650
11 1.1384 1.1031 1.64769 33.79 0.614
12 -9.1597 0.1000 ] 0.598
13(Stop) o 0.1000 0.590
14 2.4331 0.4109 1.81600  46.62 0.624
15 1.4835 0.6873 1.49700 81.54 0.615
16 -1.5523 0.1000 1. 0.650
17 —-1.7693 0.3000 1.81600  46.62 0.643
18 4.9222 0.5112 1.49700 81.54 0.711
19 -5.5507 0.1000 1. 0.795
20% 5.0297 0.6920 1.49700 81.54 0.850
21% —-1.8981 0.1000 1. 0.907
22 16.7852 0.5780 1.83400 37.16 0.902
23 9.3753 0.4930 1. 0.882
24 o 0.2000 1.51633 64.14 0.890
25 0 0.1000 1. 0.892
26 o 5.3000 1.63854  55.38 0.894
27 0 0.0856 ] 0.950
Image plane 0 0.

Aspherical surface data
2nd surface
K=-1.0000

A2=0.0000E+00, A4=-1.6360.
A3=0.0000E+00,

A10=0.0000E+00
3th surface

K=0.

A2=0.0000E+00, A4—-5.2700]
A8=4.5765E-03,

A10=0.0000E+00

9th surtace

K=0.

(L]

L1l

02, A6=4.6266LE-02,

02, A6=5.4101E-02,

A2=0. 0000E+00, Ad=-4. 9134E-02, A6=6. 3791E-02,

A3=0. 0000

= +00,

A10=0.0000E+00
20th surtface

K=0.

A2=0.0000E+00, A4=-5.9779.
A3=0.0000E+00,

A10=0.0000E+00

-03,

A6=1.4095E-03,
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21st surface

K=0.

A2=0.0000E+00,
A8=0.0000E+00,

A10=0.0000E+00

A4=2.2830E-02

, A6=3.2241E-03,

Various data

US 12,085,707 B2

Far Point Near point
OBJ 13.0000 2.4000
FL 0.80002 0.79259
MG —-0.057538 —-0.240455
FNO 3.6407 3.5879
FIM 0.948 0.948
LTL 15.7036 15.7037
FB 0.03938 —-0.10492
d7 0.30000 0.98746
do 1.24011 0.55265
Bl 0.06093 0.24500
B2 1.11789 1.16191
3 —-0.84467 —-0.84469

Unit focal length

11=-0.85974, 12=15.61736, 13=2.99266

Example 8
Unit mm
Surface data

Surface no. T d nd vd ER
Object plane e 11.5000

1 <o 0.2500 1.88300 40.76 1.436

2% 0.8505 0.6529 1. 0.953

3 13.6043 0.5102 1.62004 36.26 0.919

4 -4.6021 0.2426 1. 0.852

5 —1.5808 0.2500 1.80400 46.57 0.809

6 3.0801 0.6314 1.80518 2542 0.852

7 -3.5286 d7 1. 0.880

R* 1.7682 0.5533 1.51633 64.14 0.833

9 2.1000 do 1. 0.727
10 2.0695 0.8114 1.63854 55.38% 0.600
11 —-1.3646 0.2500 1.80100 34.97 0.507
12 -26.3432 0.1000 ' 0.487
13 (Stop) <o 0.1000 0.475
14 1.5941 0.8544 1.80100 34.97 0.526
15 0.7801 0.6500 1.49700 &1.54 0.508
16% 2.2277 0.2000 1. 0.600
17 1.4012 0.8500 1.49700 &1.54 0.770
18 -1.6518 0.3000 1.81600 46.62 0.785
19 -6.611% 0.2000 1. 0.840
20 <o 0.4000 1.49400 75.01 0.870
21 <0 0.6001 1. 0.901
22 3.938% 0.5256 1.76182 26.52 0.987
23 <0 0.3000 1.51633 64.14 0.968
24 <o 0.0263 ‘ 0.952
Image plane e 0.

Aspherical surface data
2nd surtace
K=-0.7649

A2=0.0000E+00, A4=-7.8745
A8=5.7998E-03,

A10=0.0000E+00
th surtface
K=-0.5166

A2=0.0000E+00, A4=-5.0786.
A3=0.0000E+00,

A10=0.0000E+00

(L.

L1

02, A6=2.3040E-02,
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-04, A6=9.9993E-03, 45

16th surface
K=0.

40

A2=0.0000E+00, A4=1.0123E-01,

A379.6241E-02,
A10=0.0000E+00

A6=-6.6132E-02,

Various data

Far Point Near point
OBJ 11.5000 2.0000
FL 0.77283 0.76709
MG —-0.062553 —-0.269761
FNO 3.6083 3.5385
FIM 0.948 0.948
LTL 10.8109 10.8109
B —-0.02202 —0.18060
d7 0.29000 1.05123
d9 1.26273 0.50150
b1 0.07260 0.29872
P2 1.14373 1.19879
3 -0.75331 —-0.75331

Unit focal length

11=-0.91119, 12=13.82488, 13=3.05955

Example 9
Unit mm
Surface data

Surface
no. r d nd vd ER
Object 0 12.5000 1.
plane

1 0 0.2500 1.88300 40.76 1.290
2% 0.8666 0.5899 1. 0.874
3 —-67.8910 0.4204 1.62004 36.26 0.850
4 —11.6480 0.2250 1. 0.805
5 -1.9029 0.2500 1.80400 46.57 0.786
6 2.7315 0.6194 1.80518 25.42 0.830
7 —-3.0429 d7 1. 0.860
g * 1.7618 0.4866 1.51633 64.14 0.805
9 2.1000 do 1. 0.719
10 1.8693 0.8282 1.63854 55.3% 0.600
11 —-1.2660 0.2500 1.80100 34.97 0.496
12 255.5774 0.1000 ‘ 0472
13 o 0.1000 0.460
(Stop)

14 1.5979 0.8190 1.80100 34.97 0.508
15 0.7863 0.6500 1.49700 81.54 0.496
16% 2.2032 0.2000 1. 0.600
17 1.4729 0.8500 1.49700 81.54 0.747
18 -2.4872 0.3000 1.81600 46.62 0.783
19 -9.6848 0.2000 1. 0.828%
20 0 0.4000 1.49400 75.01 0.860
21 o 0.6000 1. 0.897
22 3.1860 0.5610 1.76182 26.52 1.001
23 o 0.3000 1.51633 64.14 0.975
24 0 0.0259 ‘ 0.951
Image 0 0.

plane

Aspherical surface data

2nd surface
K=-0.4408

A2=0.0000E+00, A4——1.1353E-01,

A3=-2.8998E-02,

A10=0.0000E+00 8th surface

K=0.2651

A2=0.0000E+00, A4=-1.5431.

A3=0.0000E+00,
A10=0.0000E+00

(L]

A6=1.3043E-02,

02, A6=6.83384LE-03,



US 12,085,707 B2

16th surface

K=0.

A2=0.0000E+00, A4=1.2142E-01, A6=0.0000E+00,

A8=0.0000E+00,
A10=0.0000E+00
Various data
Far Point Near point

OBIJ 12.5000 2.1000
F1. 0.80064 0.79640
MG —0.059913 —0.269809
FNO 3.6030 3.5550
FIM 0.948 0.948
L.TL 10.5879 10.5879
FB -0.02210 —0.18901
d7 0.29400 1.080K80
d9 1.26851 0.48171
p1 0.07161 0.30780
2 1.16057 1.21589
B3 —0.72092 —0.72092

Unit focal length
t1=-0.97031, 12=14.22153, 13=3.39668

Example 10

Unit mm
Surface data
Surface
no. r d nd vd ER
Object 0 12.5000 1.
plane
1 0 0.2500 1.88300 40.76 1.337
2% 0.8692 0.58R80 1. 0.900
3 00 0.4000 1.49400 75.01 0.887
4 0 0.0878 1. 0.848
5 -9.0618 0.2500 1.81600 46.62 0.841
6 1.0427 0.7558 1.80518 2542 0.815
7 17.0221 d7 1. 0.801
g * 3.0758% 0.4338 1.80610 40.92 0.798
9 3.6580 do 1. 0.740
10% 2.1247 0.6051 1.72916 54.68 0.650
11% 9.8770 0.1000 ‘ 0.523
12 0 0.1000 0.505
(Stop)
13 2.4630 0.3572 1.74951 35.33 0.520
14 0.9957 1.5342 1.49700 81.54 0.517
15 -4.3095 0.4000 1. 0.650
16 3.5884 0.3000 1.83400 37.16 0.735
17 1.5227 0.5851 1.49700 81.54 0.731
1 8* -405.9130 0.6000 1. 0.777
19 3.5202 0.6000 1.53172 48.84 0.901
20 0 2.4000 1.51633 64.14 0.910
21 0 0.0260 ‘ 0.950
Image 0 0.
plane

Aspherical surface data
2nd surtace

=0 0.9776
A2=0.0000E+00, A4=-8.8118E-03,
A3=0.0000E+00,
A10=0.0000E+00 8th surface

K=0.

A2=0.0000E+00, A4=-9.1674

(L.

A8=-38.5050E-03,
A10=0.0000E+00

A6=6.8995E-02,
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-04, A6=3.1219E-02, 45

42
10th surface
K=0.
A2=0.0000E+00, A4—=-—1.0574E-02, A6——6.0806E-02,
A8=0.0000E+00,

A10=0.0000E+00
11th surface

K=0.

A2=0.0000E+00, A4-=2.6851E-03,

A8=0.0000]
A10=0.0000E+00
18th surface

K=0.

- +00,

A2=0.0000E+00, A4-9.04383E-03,
A3=0.0000.
A10=0.0000E+00

- +00,

Various data

A6=-6.5815E-02,

A6=-1.1887E-02,

OBIJ
FL.
MG
FNO
FIM
LTI
FB
d7
do
Bl
B2
B3

Far Point

12.5000
0.7907%
—-0.059423
3.6685
0.948
11.9080
—-0.02102
0.23000
1.30502
0.05531
1.07157
—-1.00267

Unit focal length
t1=-0.74700, 12=17.99209, 13=2.73069

Example 11

Near point

2.1000
0.78170
—-0.269569

3.5909

0.948

11.9080

—-0.18476
1.06652
0.46850
0.24046
1.11807

—-1.00267

Unit mm
Surface data

Surface no. r d nd vd ER
Object plane 0 10.0000 1.

1 0 0.2500 1.88300 40.76  1.3R80

2% 1.0031 0.9611 1. 0.964

3 -3.9828 0.2500 1.81600 46.62 0.840

4 1.2000 0.7325 1.69895 30.13  0.803

5 -11.8723 ds 1. 0.801

6* 1.7685 0.4535 1.49700 81.54 0.781

7 2.1000 d7 1. 0.710

8 3.0533 0.3263 1.80400 46.58 0.650

9 1.0971 0.5783 1.67003 47.23 0.576
10 -10.8438 0.1000 ' 0.544
12 (Stop) <o 0.1000 0.525
12 3.6361 1.0893 1.83400 37.16  0.557
13 3.2493 0.4833 1.49700 81.54 0.604
14 —~7.5585 0.3269 1. 0.650
15 7.6519 0.3000 1.80518 2542 0.709
16 1.5170 0.7129 1.49700 81.54 0.727
17% -2.4421 0.1000 1. 0.795
18 0 0.4000 1.49400 75.01 0.816
19 0 0.6000 1. 0.840
20 6.8695 0.6732 1.49700 81.54 0.901
21 0 2.4000 1.51633 64.14 0.911
22 <o 0.0265 ' 0.951
Image plane e 0.

Image plane o O.
Aspherical surface data
2nd surface

K=-1 0.9630



A2=0.0000

A3=0.0000E+00,

A10=0.0000

K=0.

A2=0.0000
A3=-5.8053

-3,

A10=0.0000E+00
7th surface

K=0.

A2=0.0000

A8=0.0000E+00,
A10=0.0000E+00
17th surface

K=0.

A2=0.0000

A3=0.0000E+00,
A10=0.0000E+00

OBJ
FL,
MG
FNO
FIM
I TL
FB
ds
d7
Bl
B2
B3

Unit focal length
11=-0.76944, 12=15.50141, 13=2.75593
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++00, A4=-3.61351

H+00 6th surface

H+00, A4=1.2915E-02,

Various data

Far Point

US 12,085,707 B2

A4+00, A4=-2.3622E-02, A6=0.0000.

H+00, A4=8.3944E-02, A6=-1.6945E-03,

7-02, A6=1.9453E-02,

- +00,

A6=-38.6587E-03,

10.0000
0.77489

-0.071294

3.6407

0.948
12.4265
—-0.02879

Near point

2.0000
0.77102

—-0.269683

3.5703

0.948
12.4265
-0.1814%

0.25000
1.31256
0.06956
1.07800
—-0.95078

Example 12

1.03523
0.527733
0.25131
1.12865
—-0.95078

Unit mm
Surface data

Surface no. r d nd vd ER
Object plane e 15.0000

1 co 0.2500 1.88300 40.76 1.270

2% 0.7856 0.6500 1. 0.838%

3 co 0.4000 1.49400 75.01 0.824

4 <o d4 1. 0.800

5% 1.9309 0.4597 1.49700 81.54 0.766

6 2.8631 d6 1. 0.685

7 8.2193 0.5563 1.72825 2846 0.492

8 —0.8058% 0.3000 1.81600 46.62 0.453

9 -2.4732 0.1000 ] 0.430
10 (Stop) co 0.6013 0.395
11 9.1375 0.4871 1.49700 81.54 0.517
12 -2.2107 0.2570 1.80518% 2542 0.562
13 1.6710 0.6818 1.49700 81.54 0.623
14 -1.7198% 0.1000 1. 0.728%
15% 2.9755 0.5709 1.49700 81.54 0.800
16 -5.8213 0.6000 1. 0.81%
17 <o 3.2000 1.88300 40.76 0.816
18 <o 0.3000 1.51633 64.14 0.812
19 <o 0.0263 ] 0.812
Image plane e 0.

Aspherical surface data
2nd surface
K=-1.0000
A2=0.0000E+00,
A8=7.1050E-02,

A4=3.5380E-02,

A6=2.5784E-02,
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A10=0.0000E+00

5th surface
K=0.
A2=0.0000.

A8=1.6255E-02,
A10=0.0000E+00
15th surtace

K=0.
A2-0.0000.

A3=0.0000E+

= +00,
00,

A4=2.1314E-03,

A10=0.0000E+00

H+00, A4=-1.5830E-02, A6-4.2282E-02,

A6=1.0242E-02,

Various data
Far Point Near point
OBJ 15.0000 1.7300
FL 0.70373 0.69457
MG —-0.044525 -0.275741
FNO 3.6056 3.5439
FIM 0.812 0.812
LTL 11.0387 11.0387
FB —-0.00508 ~-0.16527
d4 0.26500 1.03032
d6 1.23330 0.46798
p1 0.05553 0.32325
B2 1.16820 1.24284
p3 -0.68635 -0.68635
Unit focal length
1==0.88975, 12=10.25404, 13=2.38964
Example 13
Unit mm
Surface data
Surface no. T d nd vd ER
Object plane 0 12.0000
1 0 0.2500 1.88300  40.76 0.959
2% 0.5867 0.7292 1. 0.604
3 -2.9628 0.2500 1.77250  49.60 0.580
4 1.8141 0.6400 1.84666  23.78 0.598
5 -3.6936 d5 1. 0.611
6 1.4089 0.5984 1.65160  58.55 0.568
7 1.5806 d7 ] 0.446
& (Stop) o 0.1000 0.320
9 3.0016 0.3300 1.49700 81.54 0.363
10 —-2.8548 0.2000 1. 0.415
1 3.2270 0.5193 1.49700 81.54 0.469
12 —-0.9500 0.5877 1.84666  23.78 0.498
13 —-1.9860 0.2000 1. 0.611
14 o 0.4000 1.51633 64.14 0.629
15 0 1.8314 1. 0.645
16 1.4990 0.4755 1.65160  58.55 0.769
7 0 0.3000 1.51633 64.14 0.719
18 o 0.0256 ] 0.656
Image plane e 0.
Aspherical surface data
2nd surface
K=-3 0.9151
A2=0.0000E+00, A4=1.8116E+00, A6=-3.8319E+00,

A3=7.7408E+00,

Al10=6.1502E+00, A12=-1.6103E-08, A14=0.0000E+

00,

A16=0.0000E+00, A183=0.0000E+00, A20=0.0000E+00
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-continued
Various data

Surface data

Far Point Near point
5 Surface no. r d nd vd ER
OBJ 12.0000 2.3000
FI. ().57445 0 58774 20 0 0.3000 1.51633 64.14 0.695
MG -0.045069 -0.193515 21 ® 0.0264 L. 0.654
FNO 3.7639 3.8219 Image plane ® 0.
FIM 0.644 0.644
LTL R.5877 R.5877
FB ~0.00025 ~0.08809 10 2nd surface
ds 0.31000 0.75760 K_‘3-9794_ﬁ _
d7 0.84053 0.39293 A2:OOOOO:L+OO, Ad4=1.71 34E+00j Ab6==3 7300:‘;+005
p1 0.06232 0.25629 A8=7.5030E+00, | |
B2 1.21026 1.26367 Al10==5.6418E+00, A12=-1.6099E-08, A14=0.0000E+
B3 ~0.59752 ~0.59752 15 00,
A16=0.0000E+00, A18=0.0000E+00, A20=0.0000E+00
6th surface
Unit focal length K=0.
- A8=0.0000E+00,
A10=0.0000E+00
Example 14 7th surface
K=0.
_ A2=0.0000E+00, A4—1.0352E-01, A6=0.0000E+00,
Unit mm A8=0.0000E+00,
2> A10=0.0000E+00
Surface data
Surface no. r d nd vd ER Various data
Object plane o 12.0000 1. 30 Far Point Near point
1 0 0.3000 1.88300  40.76 0.956
2 0.6059 0.5726 L. 0.590 OBJ 12,0000 2. 3000
3 ~2.2791 0.3000 177250  49.60 0.568 E{LG g'gﬁég . g'ggfg? .
4 2.2000 0.6000 1.84666  23.78 0.588 Y Y
5 51712 d5 L. 0.611 FINO 3.6591 3.6799
6% 1.1177 0.5146  1.51633  64.14 0.582 15 FIM 0-044 U.044
7% 1.2614 d7 L. 0.492 LIL 8.4232 8.4232
g 24878 0.3800 172916  54.68 0.408 EB ~0.00123 ~0.0958>
o o 01000 . 0378 d5 0.30000 0.73415
10 (Stop) . 0.1000 0.370 dz g'ggggg g'jggﬁ
11 1.7000 0.2500 1.80518 2542 0.385 I?)2 1.12026 1'17095
12 1.0712 0.5000 149700 81.54 0.381 53 082104 0 80104
13 0 0.2000 1. 0.408 P e I
14 1.4815 0.7000 1.49700  81.34 0.456
: D0 0 i ocal lengt
17 0 0.4000 1.49400 7501 0.550 le—O649003J f2:856357:j 82324456
18 o 0.7801 1. 0.593 Next, values of conditional expressions in each example
19 1.6195 0.6259 1.69680  55.53 0.749 4 are given below. ‘-’ (hyphen) indicates that there is no
corresponding arrangement.
Examplel Example?2 Example3
(1) £3L12/1L 1.294826951 1.804565353 2.308091394
(2) {L/R31F 0.65378829 0.23622396 0.56554193
(3L x ZPor; ~0.4785357 ~0.4654942 ~0.3424523
(5) (Ragy + Rago)/ — — —
(R3z1 = Rago)
(6) (Rap; + Rapo) ~0.3120846 ~0.918874 ~4.0103185
(‘R3z1 - Razo)
(7) fL/tons ~0.7720844 ~0.7041468 ~0.6792642
(8) V31p — Vaop 0 ~11.67 ~23.38
(9) Vi3p — ~31.01 17.545 11.69
(Vaip + Va2p)/2
(10) V3 n = Vaon ~3.6 16.98 16.98
(11) (R21F + R21RY ~25.572433 ~4.8921126 ~5.673273
(R21F - R21R)
(12) D21/1L, 0.51463549 1.5914113 1.764065
(13) B2F 1.12363 1.11562 1.13728
(14) P2N/P2F 1.06989845 1.07690791 1.06189320
(15) (1 - P2F?) x 0.17145198 0.19795146 0.21976094

B3F*
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(16) (1 - P2N?) x 0.29074171 0.35883399 0.34339165
B3INZ
(17) 1L/R12F —0.4498737 -0.1243713 —-0.1604281
(18) {L/R12F, — — —
(19) {IL/R12F. —0.4498737 -0.1243713 —-0.1604281
(20) {L/R12F, — — —
(21) {L/FL12 —-0.4852166 —-0.3307478 —-0.3779965
(22) IRg, |/ 1g,] 0.012346397 21.70696209 0.695422317
(23) {L x tanw,,,, 6.28466714 7.38281509 5.57185721
PA 2.28 2.28 2.28
(24) ER2 0.676 0.663 0.749
4 x {L/Fry 1.09848332 0.96373682 0.99482839
Exampled Example5 Example6
(1) 3L12/1L 2.06321454 2.049095582 2.841763013
(2) IL/R31F 0.59824627 0.55311258 0.16052951
(3) 1L x 2ZEP ¢, —-0.7186162 —-0.6056761 —0.7078323
(5) (R3p; + R3py)/ — — —1.0000011
(Raz1 = Razo)
(6) ('Rayp; + Rapy)/ —-1.0107176 —1.0000001 —
(‘Raz1 — Razo)
(7) fL/1on, —0.7266337 —-0.5474476 —0.81383%8
(8) V31p — Viop -11.67 —-40.63 6.35
(9) Vazp — 34.945 20.315 54.655
(Vaip + V32p)/2
(10) Vain — Viow 21.86 26.37 4.88
(11) (R21F + R21R)/ —-7.5508501 -13.2292 —-17.368615
(R21F - R21R)
(12) D21/1L 1.03176431 0.45452308 0.46688212
(13) P2F 1.08934 1.08568 1.1534
(14) P2N/P2F 1.05712633 1.05707022 1.04660135
(15) (1 - P2F?) x 0.17792027 0.14694767 0.24273424
B3F~
(16) (1 - P2N?) x 0.31084157 0.26073606 0.33596788
BIN?
(17) {L/R12F,, —-0.3292293 —0.1840368 —-0.4290959
(18) 1L/R12F, — — —
(19) {L/R12F. —-0.3292293 —0.1840368 —-0.4290959
(20) {L/R12F, — — —
(21) {L/FL12 —-0.4235367 —-0.4522086 —-0.2570458
(22) IRg, |/ 11g,] 146.472004 17660044.0 15956852.5
(23) il x tanw,,,,, 5.542921362 2.74763805 4.27016993
2y, 2.28 2.28 2.28
(24) ER2 0.65 0.610 0.687
4 x fL/Fry 0.96676113 1.02842532 1.06183051
Example? Example& Example9
(1) 3L12/1L 2.82442939 3.49882898 3.46073141
(2) IL/R31F 0.1263315% 0.37343803 0.42831006
(3) I x XEP o —(0.3548088 —0.5424258 -0.514974
(5) (Rap; + Rips)/ — —-1.0000001 —-1.0000001
(Raz1 = Rago)
(6) ('R3yp; + Rapy)/ 0.45203383 — —
(Ragry — Rago)
(7) fL/1op, 0.16253301 -0.4678714 -0.3219041
(8) Va1p — Viop -47.75 -26.16 -26.16
(9) Vizp — 23.875 13.08 13.08
(Vaip + V32p)/2
(10) Vain — Vaon -9.46 0 0
(11) (R21F + R21R)/ -7.5336864 —-11.658228 —-11.4186%87
(R21F - R21R)
(12) D21/1L 0.56511087 0.71594012 0.60776379
(13) P2F 1.11789 1.14373 1.16057
(14) P2N/P2F 1.03937776 1.04814073 1.04766623
(15) (1 - B2F?) x 0.21089556 0.23210861 0.25010353
B3F?
(16) (1 - P2N?) x 0.29567094 0.32926989 0.34487983
B3N
(17) 1L/R12F -0.1079795 — —
(18) {L/R12F, -0.1079795 — —
(19) {L/R12F, — — —
(20) 1L/R12F — —-0.4888854 -0.4207473
(21) {L/FL12 —-0.1052367 0.13785028 0.03540806
(22) IRg, |/ 11g,] 0.35511155 19341611.3 23911431.8

48
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-continued

(23) {iL x tanw,,,,, 2.46301838% 4.37275453 2.4579755
pA 1.896 1.896 1.896
(24) ER2 0.650 0.6 0.6
4 x {L/Fry 0.87409997 0.85160331 0.88541886

Examplel0O Examplell Examplel?2
(1) 3L12/1L 3.25109386 3.49339906 4.72851804
(2) {L/R31F 0.37218431 0.25378771 0.08561921
(3) IL x XEP o —-0.3755556 -0.3324111 —-0.3045253
(5) (R3p; + Rypo)/ —1.0000001 —1.0000001 —-0.323504
(Raz1 — Rago)
(6) (Ragri + Ragn)/ — — —
(‘Raz1 — Razo)
(7) tL/r ¢y, 0.51932751 0.51080422 0.42114303
(8) Va1p — Viop -26.86 -34.31 -53.08
(9) Vazp — 13.43 17.155 26.54
(Vaip + V32p)/2
(10) Va1 — Vaour -1.83 9.42 21.2
(11) (R21F + R21R)/ —-11.56612%8 —-11.669683 -5.1426732
(R21F - R21R)
(12) D21/1L 0.5485723 0.58524436 0.6532334%
(13) p2F 1.07157 1.078 1.1682
(14) P2N/P2F 1.04339427 1.04698516 1.06389317
(15) (1 - B2F?) x 0.14865%813 0.15410623 0.25030583
P3F?
(16) (1 — B2N?) x
BIN? 0.25074824 0.260371%89 0.3738214
(17) {L/R12F,, —-0.0872652 -0.1945591 —
(18) 1L/R12F, —-0.0872652 -0.1945591 —
(19) {L/R12F. — — —
(20) {L/R12F, — — —
(21) {L/FL12 —0.118959 —-0.183571 0.0686298
(22) IRg, I/1tg 15104827.4 7234895.27 1.437642
(23) {L x tanw,,,, 2.41626746 2.38641257 2.15048988
A 1.896 1.896 1.624
(24) ER2 0.65 0.63 0.728
4 x {1/F 0.85698185 0.84479695 0.77760221

Examplel3 Examplel4

(1) 3L12/1L 3.57594221 3.47974852
(2) {L/R31F 0.19138126 0.23847978
(3) IL x XEP oy -0.2114339 -0.40739
(5) (Rzg1 + Rzzo)/ -1 -1
(R3r1 = Rago)
(6) (Rapy + Rago) — —
(‘R3z1 — Razo)
(7) fL/1on, —-0.6046842 —-0.6132196
(8) Va1p — Viop 0 -26.86
(9) Vazp — -22.99 13.43
(Vaip + V32p)/2
(10) Va1 — Vaour — -15.34
(11) (R21F + R21R)/ -17.411182 —-16.556019
(R21F - R21R)
(12) D21/1L 1.04169205 0.86736672
(13) P2F 1.21026 1.12026
(14) P2N/P2F 1.04413101 1.04524842
(15) (1 - P2F?) x 0.27768503 0.20935081
B3F?
(16) (1 - B2N?) x 0.3566369 0.30470757
BIN?
(17) {L/R12F,, — —-0.2603177
(18) {L/R12F, —0.1938875 —-0.2603177
(19) 1L/R12F, — —
(20) {L/R12F, — —
(21) {L/FL12 0.02105524 —-0.0676638
(22) IRg, |/ 11g,] 43468810.7 43025556.8
(23) 1L x tanw,, 1.76552611 1.84324927
A 1.288 1.288
(24) ER2 0.611 0.408
4 x fL/Fry 0.61372863 0.64929138

FIG. 29 1s an example of an 1mage pickup apparatus. In An endoscope system 300 1s an observation system 1n
this example, the image pickup apparatus 1s an endoscope (s which an electronic endoscope 1s used. The endoscope
system. FIG. 29 1s a diagram showing a schematic configu- system 300 includes an electronic endoscope 310 and an
ration of an endoscope system. image processing unit 320. The electronic endoscope 310
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includes a scope section 310q and a connecting cord section
310b. Moreover, a display unit 330 1s connected to the image
processing unit 320.

The scope section 310aq 1s mainly divided into an oper-
ating portion 340 and an 1nserting portion 341. The inserting
portion 341 1s long and slender, and can be inserted into a
body cavity of a patient. Moreover, the inserting portion 341
1s formed of a flexible member. An observer can carry out
various operations by an angle knob that 1s provided to the
operating portion 340.

Moreover, the connecting cord section 310 b 1s extended
from the operating portion 340. The connecting cord section
3015 includes a universal cord 350. The universal cord 350
1s connected to the 1image processing unit 320 via a connec-

tor 360.

The universal cord 350 1s used for transceiving of various
types of signals. Various types of signals include signals
such as a power-supply voltage signal and a CCD (charge
coupled device) driving signal. These signals are transmitted
from a power supply unit and a video processor to the scope
section 310a. Moreover, various types of signals include a
video signal. This signal 1s transmitted from the scope
section 310q to the video processor.

Peripheral equipment such as a VIR (video tape recorder)
deck and a video printer can be connected to the video
processor 1side the image processing unit 320. The video
processor carries out signal processing on a video signal
from the scope section 310a. On the basis of the video
signal, an endoscope 1mage 1s displayed on a display screen
of the display unit 330.

An optical system 1s disposed at a front-end portion 342
of the mnserting portion 341. FIG. 30 1s a diagram showing
an arrangement of the optical system of the endoscope. An
optical system 400 includes an illuminating section and an
observation section.

The 1lluminating section includes a light guide 401 and an
illuminating lens 402. The light guide 401 transmits 1llumi-
nation light to the front-end portion 342 of the inserting
portion 341. The transmitted light 1s emerged from a front-
end surface of the light guide 401.

At the front-end portion 342, the 1lluminating lens 402 1s
disposed. The 1lluminating lens 402 1s disposed at a position
of facing the front-end surface of the light guide 401. The
illumination light passes through the illuminating lens 402
and 1s emerged from an illumination window 403. As a
result, an observation object region 404 of an inside of an
object (hereinafter, referred to as ‘observation region 404°)
1s 1lluminated.

At the front-end portion 342, an observation window 405
1s disposed next to the 1llumination window 403. Light from
the observation region 404 1s incident on the front-end
portion 342 through the observation window 405. An obser-
vation portion 1s disposed behind the observation window
405.

The observation portion includes a wide-angle optical
system 406 and an image sensor 407. The wide-angle optical
system of the example 1 1s used for the wide-angle optical
system 406, for instance.

Reflected light from the observation region 404 passes
through the wide-angle optical system 406 and 1s incident on
the 1mage sensor 407. On an 1mage pickup surface of the
image sensor 407, an i1mage (an optical image) of the
observation region 404 1s formed. The 1image of the obser-
vation region 404 1s converted photoelectrically by the
image sensor 407, and thereby an 1image of the observation
region 404 1s acquired. The image of the observation region
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404 1s displayed on the display unit 330. By doing so, 1t 1s
possible to observe the image of the observation region 404

In the wide-angle optical system 406, an 1mage plane 1s
curved shape. The 1image sensor 407 has a curved-shape
light rece1ving surface (an 1mage pickup surface) same as an
shape of the 1image plane. By using the image sensor 407, it
1s possible to improve an image quality of the acquired
image.

FIG. 31 1s a diagram showing an arrangement ol an
optical system of an image pickup apparatus. The optical
system 1ncludes an objective optical system OBI, a cover
glass C, and a prism P. The cover glass C 1s disposed
between the objective optical system OBJ and the prism P.
The wide-angle optical system of the example 7 1s used for
the objective optical system OBJ. An optical filter may be
disposed 1nstead of the cover glass C. Or, the cover glass C
may not be disposed.

The prism P includes a prims P1 and a prism P2. Both the
prism P1 and the prism P2 are triangular prisms. An optical-
path splitting element 1s formed by the prism P1 and the
prism P2.

The prism P1 has an optical surface S1, an optical surface
S2, and an optical surface S3. The prism P2 has an optical
surface S3, an optical surface S4, and an optical surface S5.
The prism P1 1s cemented to the prism P2. A cemented
surface 1s formed by the prism P1 and the prism P2. The
optical surface S3 1s a cemented surface.

Light emerged from the objective optical system OBIJ
(hereinafter, referred to as ‘1imaging light’) passes through
the cover glass C, and 1s 1incident on the optical surface S1.
The optical surface S1 being a transmitting surface, the
imaging light 1s transmitted through the optical surface S1.

Next, the imaging light 1s incident on the optical surface
S3. The optical surface S3 1s disposed so that a normal of the
surface 1s at 45 degrees with respect to an optical axis. The
imaging light incident on the optical surface S3 1s divided
into light transmitted through the optical surface S3 (here-
inafter, referred to as ‘1maging light 1”) and light retlected at
the optical surface S3 (hereinafter, referred to as ‘imaging,
light 27).

The imaging light 1 and the imaging light 2 travel 1n
mutually different directions. When an optical path through
which the imaging light 1 travels 1s a first optical path and
an optical path through which the imaging light 2 travels 1s
a second optical path, the first optical path and the second
optical path are formed by the optical surface S3. As just
described, the optical surface S3 functions as an optical-path
splitting surface.

The first optical path 1s formed on an extension line of an
optical path of the objective optical system OBJ. The second
optical path 1s formed to intersect the first optical path. In
FIG. 31, the second optical path 1s orthogonal to the first
optical path.

The optical surface S3, the optical surface S4, and the
optical surface S5 are located in the first optical path. The
imaging light 1 transmitted through the optical surface S3 1s
incident on the optical surtace S4. The optical surface S4 1s
a reflecting surface. The imaging light 1 1s reflected at the
optical surface S4, and 1s incident on the optical surface S5.
The optical surface S5 1s a transmitting surface. The imaging
light 1 1s transmitted through the optical surface S5, and 1s
converged on an 1mage plane I near the optical surface S5.
An optical image by the imaging light 1 1s formed on the
image plane 1.

The optical surface S3, the optical surface S2, the optical
surface S3, and the optical surface S5 are located 1n the
second optical path. The imaging light 2 reflected at the
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optical surface S3 1s incident on the optical surtace S2. The
optical surface S2 1s a retlecting surface. The imaging light
2 1s retlected at the optical surface S2, and 1s incident on the
optical surface S3. At the optical surface S3, the 1imaging
light 2 1s divided 1nto light transmitted through the optical
surface S3 and light reflected at the optical surface S3.

The imaging light 2 transmitted through the optical sur-
face S3 1s incident on the optical surface S5. The 1imaging
light 2 1s transmaitted through the optical surface S5, and 1s
converged on the image plane I near the optical surface S5.
An optical image by the imaging light 2 1s formed on the
image plane I.

Since two optical paths are formed in the optical system
shown 1n FIG. 31, two optical images are formed on the
same plane. The same plane 1s the image plane I in the two
optical paths.

In a case 1n which an optical-path length of the first optical
path and an optical-path length of the second optical path are
same, two focused optical images are formed at different
positions on the same plane. The two optical 1images are
optical 1images when the same object 1s focused. Accord-
ingly, a position of an object plane for one optical image and
a position of an object plane for the other optical image are
same.

Whereas, even 1n a case 1n which the optical-path length
of the first optical path and the optical-path length of the
second optical path are different, two focused optical images
are formed at different positions on the same plane. How-
ever, the two optical images are optical 1mages when dii-
ferent objects are focused.

Accordingly, a position of an object plane for one optical
image and a position ol an object plane for the other optical
image are different.

For 1nstance, 1t 1s assumed that the optical-path length of
the first optical path 1s shorter than the optical-path length of
the second optical path. In this case, the object plane of the
optical image formed by the imaging light 1 1s positioned far
from the object plane of the optical image formed by the
imaging light 2. As just described, the focus 1s adjusted for
cach of the two object planes 1n which distance from the
objective optical system (hereinafter, referred to as ‘object
distance’) differs from each other. Even when the object
distance differs for two object planes, the two optical images
are Tormed at diflerent locations 1n on the same plane.

The objective optical system OBJ has a section which 1s
focused (heremaftter, referred to as ‘focusing section’). The
focusing section 1s a section expressed by the object dis-
tance, and corresponds to a depth of field of the objective
optical system OBIJ. In the focusing section, wherever the

object plane 1s positioned, a focused optical i1mage 1is
formed.

In a case 1 which the object distance differs for two
object planes, there occurs a shilt between a position of the
focusing section for one object plane and a position of the
focusing section for the other object plane. By setting
appropriately the distance of the two object planes, 1t 1s
possible to overlap a part of the focusing section for the one
object plane and a part of the focusing section for the other
object plane.

Thus, two optical 1mages having the focusing section
shifted are captured, and accordingly, two i1mages are
acquired. Moreover, only a focused area (an 1mage area of
a range corresponding to the depth of field) 1s extracted from
the two 1mages that were acquired, and the areas extracted
are combined. By doing so, 1t 1s possible to acquire an image
with a large depth of field.
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For the optical surface S3, 1t 1s possible to use a hali-
mirror surface or a polarizing-beam splitter surface for
example.

In a case 1n which the optical surface S3 1s a half-mirror
surface, a half of a quantity of imaging light 1s reflected at
the optical surface S3 and the remaining half of the quantity
of imaging light i1s transmitted through the optical surface
S3. Accordingly, a quantity of the imaging light 2 becomes
half of the quantity of the imaging light. The 1maging light
2 1s reflected at the optical surface S2. The imaging light 2
reflected at the optical surface S2 is transmitted through the
optical surface S3. At the optical surface S3, only half of the
quantity of the imaging light 2 can be transmitted.

In a case 1n which the optical surface S3 1s a polarizing-
beam splitter surface, a depolarization plate or a wavelength
plate may be used instead of the cover glass C. Moreover,
the optical surface S2 1s not a reflecting surface but 1s a
transmitting surface. A reflecting surface 1s disposed at a
position away from the optical surface S2. Furthermore, a
quarter-wave plate 1s disposed between the optical surface
S2 and the reflecting surface.

P-polarized light 1s polarized light having an amplitude of
light 1n a paper plane, and S-polarized light 1s polarized light
having an amplitude 1 a plane orthogonal to the paper
plane. When it 1s assumed that the P-polarized light 1s
transmitted through the optical surtace S3 and the S-polar-
1zed light 1s reflected at the optical surface S3, the P-polar-
1zed light corresponds to the imaging light 1 and the S-po-
larized light corresponds to the imaging light 2.

For instance, when the depolarization plate 1s used instead
of the cover glass C, the imaging light passes through the
depolarization plate. Consequently, in the imaging light
emerged from the depolarization plate, a proportion of the
P-polarized light and the S-polarized light 1n the imaging
light becomes substantially half. The imaging light incident
on the optical surface S3 1s divided into the P-polarized light
and the S-polarized light at the optical surface S3. Accord-
ingly, the quantity of the imaging light 2 becomes half of the
quantity of the imaging light.

The mmaging light 2, when directed from the optical
surface S3 toward the optical surface S2, 1s S-polarized
light. In a case 1n which the optical surface S2 1s a reflecting
surface, the imaging light 2 1s reflected toward the optical
surface 3 as the S-polarized light as 1t has been. The imaging
light 2 directed from the optical surface S2 toward the
optical surface S3 being the S-polarized light, cannot be
transmitted through the optical surface S3.

Whereas, 1n a case in which the optical surface S2 1s a
transmitting surface, the imaging light 2 1s reflected at the
reflecting surface. The A/4 plate 1s disposed between the
optical surface S2 and the reflecting surface. By the imaging
light 2 travelling to and from between the optical surface S2
and the reflecting surface, a direction of polarization for the
imaging light 2 rotates 90 degrees. Accordingly, it 1s pos-
sible to convert the S-polarized light to the P-polarized light.
As a result, the imaging light directed from the optical
surface S2 toward the optical surface S3 becomes the
P-polarized light.

The imaging light 2 converted to the P-polarized light
reaches the optical surface S3. Accordingly, the imaging
light 2 1s not reflected at the optical surface S3. In other
words, at the optical surface S3, almost whole of the amount
of the imaging light 2 can be transmitted through.

FIG. 32A and FIG. 32B are diagrams showing a sche-
matic configuration of an 1image pickup apparatus. FIG. 32A
1s a diagram showing an overall configuration, and FI1G. 32B
1s a diagram showing an orientation of an object.
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As shown m FIG. 32A, an 1mage pickup apparatus 500
includes an objective optical system 501, a depolarization
plate 502, a first prism 503, a second prism 504, a third prism
505, a wavelength plate 506, a mirror 307, an 1mage sensor
508, an 1image processor 311, and an image display umt 512.

In the 1mage pickup apparatus 500, an optical-path split-
ting element 1s formed by the first prism 3503, the second
prism 504, and the third prism 503.

The objective optical system 501 forms an image of an
object. The depolarization plate 502 1s disposed between the
objective optical system 501 and the first prism 503.

The first prism 503 and the second prism 504 are
cemented. A cemented surface 509 1s formed by the first
prism 503 and the second prism 504. Light incident on the
cemented surface 509 1s divided into light retlected at the
cemented surface 509 and light transmitted through the
cemented surface 509.

It 1s possible to use a polarizing-beam splitter surface for
the cemented surface 509. In this case, P-polarized light 1s
transmitted through the cemented surface 509 and S-polar-
ized light 1s reflected at the cemented surface 509.

The P-polarnized light transmitted through the cemented
surface 5309 emerges from the second prism 304. The P-po-
larized light i1s incident on the third prism 305 and reaches
an optical surface 510. The optical surface 510, for instance,
1s a mirror surface. Accordingly, the P-polarized light is
reflected at the optical surface 510.

The P-polarized light reflected at the optical surtface 510
emerges from the third prism 505 and 1s incident on the
image sensor 308. As shown 1n FIG. 32B, the image sensor
508 has a first area 513 and a second area 514. The
P-polarized light reflected at the optical surface 510 1is
incident on the first area 513. Accordingly, an optical image
1s formed on the first area 513.

On the other hand, the S-polarized light reflected at the
cemented surface 509 emerges from the first prism 503. The
S-polarized light 1s incident on the wavelength plate 506. A
quarter-wave plate 1s used for the wavelength plate 506.
Consequently, the S-polarized light 1s converted to circu-
larly-polarized light at the wavelength plate 506. As a result,
the circularly-polarized light emerges from the wavelength
plate 506.

The circularly-polarized light 1s reflected at the mirror 507
and 1s incident once again on the wavelength plate 506.
Light emerged from the wavelength plate 506 1s incident on
the first prism 503 and reaches the cemented surface 509.
The circularly-polarized light incident on the wavelength
plate 506 1s converted to P-polarized light at the wavelength
plate 506. The light reached the cemented surface 509 being,
the P-polanized light, the light reached the cemented surface
509 i1s transmitted through the cemented surtace 509.

The P-polarized light which is transmitted through the
cemented surface 509 emerges from the second prism 504
and 1s ncident on the image sensor 508. As mentioned
above, the 1image sensor 508 has the first area 513 and the
second area 314. The P-polarized light transmitted through
the cemented surface 509 1s incident on the second area 514.
As a result, an optical image 1s formed on the second surface
514.

For mnstance, a rolling shutter system 1s adopted for the
image sensor 508. In the rolling shutter system, image
information for a line 1s read for each line one-by-one. The
image sensor 308 1s connected to the 1image processor 311.
Image information which 1s read 1s input to the image
processor 511.

The 1image processor 511 includes a second 1mage pro-
cessing section 3115. In the second 1mage processing section
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5115, 1t 1s possible to select a focused 1mage as an 1mage for
display by using the image information that has been read
for each line one-by-one. Images for each line selected by
the second 1mage processing section 5115 are combined and
displayed on the image display unit 512.

The 1mage processor 511 will be described below. The
image processor 311 1s provided to a central processing unit
(not shown in the diagram). The image processor 511
includes a first image processing section 511a, the second
image processing section 3115, a third image processing
section 311c¢, a fourth 1mage processing section 5114, and a
fifth 1image processing section 51le.

In the first image processing section 511a, an orientation
of an 1mage acquired from the first area 513 (herematter,
referred to as ‘first image’) and an orientation of an 1image
acquired from the second area 514 (hereinafter, referred to
as ‘second 1mage’) are corrected. In correction of the ori-
entation of the image, the 1image 1s rotated for example.

The onientation of the first image and the ornentation of the
second 1mage are determined by an orientation of the optical
image formed 1n the first area 513 (hereinafter, referred to as
‘first optical 1mage’) and an orientation of the optical image
formed 1n the second area 514 (hereinafter, referred to as
‘second optical 1image’) respectively.

FIG. 33 1s a diagram showing a positional relationship of
an object, an objective optical system, and an optical-path
splitting element. For instance, a case of observing a char-
acter ‘F’ as shown 1n FIG. 33 will be described below. Each
of the orientation of the first optical 1mage and the orienta-
tion of the second optical image 1s an orientation as shown
in FIG. 32B.

As shown in FIG. 32B, the first optical 1image and the
second optical 1mage are mirror 1mages ol each other.
Furthermore, when a vertical orientation of a paper surface
1s an upright direction, the first optical image and the second
optical 1mage are rotated 90 degrees from the upright
direction.

Therefore, 1n a case of displaying an 1mage of an object
on the 1mage display unit 512, in the first image processing
section S51la, the first 1image 1s rotated 90 degrees with a
central point of the first area 513 as a center. Even regarding
the second i1mage, the second image 1s rotated 90 degrees
with a central point of the area 514 as a center. Moreover,
regarding the second image, the second 1mage 1s 1nverted,
and a mirror 1mage 1s corrected.

As the processing by the first image processing section
511a 1s terminated, processing by the second image pro-
cessing unit 31156 1s executed. However, according to the
requirement, processing by at least one of the third image
processing section 311c¢, the fourth image processing section
5114, and the fifth 1image processing section 311e may be
executed before executing the processing by the second
image processing section 5115.

The third 1mage processing section 511c¢ 1s configured so
that a white balance of the first image and a white balance
of the second image are adjustable. The fourth image
processing section 3114 1s configured so that a center
position of the first image and a center position of the second
image are movable or selectable. The fifth image processing
section 511e 1s configured so that a display range of the first
image and a display range of the second 1mage are adjust-
able. Moreover, the fifth 1image processing section S11e may
be configured so that a display magnification 1s adjustable
instead of the display range.

The second 1image processing section 3115 1s configured
to compare the first image and the second image, and to
select an 1mage of a focused area as an 1mage for display.
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The second 1mage processing section 5115 has a high-
pass filter, a comparator, and a switch. The high-pass filter
1s connected to each of the first area 513 and the second area
514. In the high-pass filter, a high component 1s extracted
from each of the first image and the second image.

Outputs of the two high-pass filters are mput to the
comparator. The high components extracted in the two
high-pass filters are compared 1in the comparator. A com-
parison result 1s input to the switch. Moreover, the first area
513 and the second area 514 are connected to the switch.
Accordingly, the comparison result, a signal of the first
image, and a signal of the second 1mage are mput to the
switch.

In the switch, an area with many high component in the
first image and an area with many high component in the
second 1mage are selected on the basis of the comparison
result.

The 1mage display unit 512 has a display area. An 1image
selected by the second processing section 5115 1s displayed
in the display area. The image display unit 512 may have
display areas displaying the first image and the second
image.

According to the present disclosure, it 1s possible to
provide a wide-angle optical system 1n which various aber-
rations are corrected favorably, and which an outer diameter
of a lens which moves and an outer diameter of a lens
located near a lens unit that moves are adequately small, and
an 1mage pickup apparatus in which the wide-angle optical
system 1s used.

As described heretolfore, the present disclosure 1s suitable
for a wide-angle optical system 1n which various aberrations
are corrected favorably, and which an outer diameter of a
lens which moves and an outer diameter of a lens located
near a lens unit that moves are adequately small, and an
image pickup apparatus in which the wide-angle optical
system 1s used.

What 1s claimed 1s:

1. A wide-angle optical system having a lens component
which has a plurality of optical surtaces, and 1n the lens
component, two optical surfaces are 1n contact with air, and
at least one optical surface 1s a curved surface, the wide-
angle optical system comprising, in order from an object
side:

a first lens umt having a negative refractive power;

a second lens unit having a positive refractive power; and

a third lens unit having a positive refractive power,

wherein:

at a time of carrying out a focal-position adjustment from

a Tar point to a near point, the second lens unit 1s moved
from a first position toward a second position, the first
position being a position at which a distance between
the first lens unit and the second lens unit becomes
minimum, and the second position being a position at
which a distance between the second lens unit and the
third lens unit becomes minimum,

the third lens unit includes at least three lens components,

the at least three lens components including a first lens
component and a second lens component, the first lens
component being a lens component located nearest to
an object 1n the third lens unit, and the second lens
component being a lens component located second
from the object side 1n the third lens unait,

cach of the first lens component and the second lens

component has a positive refractive power,

the third lens unit includes at least three cemented sur-

faces,
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a value of a difference 1n refractive indices 1s not less than
0.25 at each of the at least three cemented surfaces, and
the following conditional expression (1) 1s satisfied:

0.8<3L12/fL<6.0 (1)

where,

131.12 denotes a combined focal length of the first lens

component and the second lens component,

1. denotes a focal length of the wide-angle optical system

at the first position,

the difference 1n refractive indices 1s a difference between

an object-side refractive index and an image-side
refractive index,

the object-side refractive index 1s a refractive index for a

d-line of a medium which 1s located on an object side
of the cemented surface, and which 1s adjacent to the
cemented surface, and

the 1image-side refractive index 1s a refractive index for a

d-line of a medium which 1s located on an 1image side
of the cemented surface, and which 1s adjacent to the
cemented surface.

2. The wide-angle optical system according to claim 1,
wherein at least two diverging surfaces are disposed
between a surface nearest to the object of the first lens
component and a surface nearest to an 1image of the second
lens component.

3. The wide-angle optical system according to claim 1,
wherein the third lens umit includes at least four lens
components.

4. The wide-angle optical system according to claim 1,
wherein the third lens unit includes three, four, or five lens
components having a positive refractive power.

5. The wide-angle optical system according to claim 1,
wherein a cemented lens located nearest to an 1mage in the
third lens umt includes, in order from the object side, a
positive lens and a negative lens.

6. The wide-angle optical system according to claim 1,
wherein

a single lens unit 1s disposed nearest to an 1image 1n the

third lens unait,

the single lens unit includes two single lenses or three

single lenses,

a cemented lens 1s disposed adjacent to the single lens

unit, on the object side of the single lens unit, and
the cemented lens includes, 1n order from the object side,
a positive lens and a negative lens.

7. The wide-angle optical system according to claim 1,
wherein:

one single lens 1s disposed nearest to an 1mage in the third

lens unit,

a cemented lens 1s disposed adjacent to the single lens, on

the object side of the single lens, and

the cemented lens includes, 1n order from the object side,

a positive lens and a negative lens.

8. The wide-angle optical system according to claim 1,

wherein the following conditional expression (2) 1s satisfied:

0.05<fL/R31F<1.20 (2)

where R31 F denotes a radius of curvature of a surface on
the object side of the first lens component.

9. The wide-angle optical system according to claim 1,

further comprising:

an 1mage-side lens component,

wherein:

the image-side lens component, among a plurality of lens
components of the wide-angle optical system, 1s a lens
component located nearest to an 1mage,
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the third lens umt includes N number of cemented sur-
faces S, (=1, 2, . . . N) between the first lens com-
ponent and the image-side lens component, and the
following conditional expression (3) 1s satisfied:

—1O<fLXZEP 7 <—0.05 (3)

where,

P.., denotes a refractive power of the cemented surface
S, and 1s expressed by the following expression (4):

P o= (Rspi—Hsn:) Fsni (4)

where,

N, denotes a refractive index for a d-line of a medium
located on the object side of the cemented surtace S,,,

n>"" denotes a refractive index for the d-line of a medium
located on the 1image side of the cemented surface S,,,
and

I.n; denotes a radius of curvature near an optical axis of
the cemented surface S,..

10. The wide-angle optical system according to claim 1,

wherein:

the third lens umt includes a cemented lens which 1s
located nearest to an 1mage among a plurality of
cemented lenses, and a lens component which 1is
located nearest to the image,

the cemented lens which 1s located nearest to the image
has a positive refractive power,

the lens component which 1s located nearest to the 1mage
1s a positive single lens, and

the following conditional expression (5) 1s satisfied:

—2<(R3g1+R355)/ (R3p1—R3z5)<2 (5)

where,

R, denotes a radius of curvature of a surface on the
object side of the positive single lens, and

R,», denotes a radius of curvature of a surface on the
image side of the positive single lens.

11. The wide-angle optical system according to claim 1,

wherein:

the third lens umit includes a cemented lens which 1s
located nearest to an 1mage among a plurality of
cemented lenses, and a positive single lens satisly
which 1s located nearest to the 1image,

the cemented lens which 1s located nearest to the image
has a negative refractive power, and

the following conditional expression (6) 1s satisfied:

=3<('R3g1+R3p0)/('Rag—R3po)<1 (6)

where,

'R;»; denotes a radius of curvature of a surface on the
object side of the positive single lens, and

'R;i»-, denotes a radius of curvature of a surface on the
image side of the positive single lens.

12. The wide-angle optical system according to claim 1,

wherein a cemented surface located nearest to an 1image in
the third lens unit satisfies the following conditional expres-

sion (/)

~2.0<fL/rep,<1.5 (7)

where,

I.n, denotes a radius of curvature near an optical axis of
the cemented surface located nearest to the image.

13. The wide-angle optical system according to claim 1,

wherein:

the third lens unit includes a plurality of positive lenses,
the plurality of positive lenses include a first positive lens
and a second positive lens,
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the first positive lens, among the plurality of positive
lenses, 1s a positive lens located nearest to the object,

the second positive lens, among the plurality of positive
lenses, 1s a positive lens located second from the object,
and

the following conditional expression (8) 1s satisfied:

= 710<V3; p=V3p<20 (8)

where,

V4, » denotes an Abbe number for the first positive lens,
and

V5, » denotes an Abbe number for the second positive lens.

14. The wide-angle optical system according to claim 1,

wherein:

the third lens umit includes a plurality of positive lenses,

the plurality of positive lenses include a first positive lens,
a second positive lens, and a third positive lens,

the first positive lens, among the plurality of positive
lenses, 1s a positive lens located nearest to the object,

the second positive lens, among the plurality of positive
lenses, 1s a positive lens located second from the object,

the third positive lens, among the plurality of positive
lenses, 1s a positive lens located third from the object,
and

the following conditional expression (9) 1s satisfied:

~50<V33p~ (V31 p+V35p)/2<80 (9)

where,

v, p denotes an Abbe number for the first positive lens,

V., » denotes an Abbe number for the second positive lens,
and

V15 denotes an Abbe number for the third positive lens.

15. The wide-angle optical system according to claim 1,

wherein:

the third lens umt includes a plurality of negative lenses,

the plurality of negative lenses include a first negative
lens and a second negative lens,

the first negative lens, among the plurality of negative
lenses, 1s a negative lens located nearest to the object,

the second negative lens, among the plurality of negative
lenses, 1s a negative lens located second from the
object, and

the following conditional expression (10) 1s satistied:

—A0<V 3 =V 39 <30 (10)

where,
v, denotes an Abbe number for the first negative lens,
and

Vi, denotes an Abbe number for the second negative
lens.

16. The wide-angle optical system according to claim 1,

wherein the third lens unit 1s fixed at the time of carrying out
the focal-position adjustment.

17. The wide-angle optical system according to claim 1,

wherein the following conditional expression (11) 1s satis-
fied:

—60<(R21F+R21R)/(R21F-R21R)<1 (11)

where,

R21 F denotes a radius of curvature of a surface on the
object side of a predetermined lens component,

R21 R denotes a radius of curvature of a surface on h
image side of the predetermined lens component, and

the predetermined lens component 1s a lens component
located nearest to the object 1n the second lens unat.
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18. The wide-angle optical system according to claim 1,
wherein the following conditional expression (12) 1s satis-

fied:

0.2<D21/L<3.0 (12)

where D21 denotes a distance on an optical axis between
a surface nearest to the object and a surface nearest to
an 1mage of the second lens unit.
19. The wide-angle optical system according to claim 1,
wherein the following conditional expression (13) 1s satis-

fied:

1.01<P2F<1.35 (13)

where 32F denotes a magnification of the second lens unit

at the first position.
20. The wide-angle optical system according to claim 1,
wherein the following conditional expression (14) 1s satis-

fied:

1.O1<P2N/PB2F<1.15 (14)

where,
B32F denotes a magnification of the second lens unit at the
first position, and
32N denotes a magnification of the second lens unit at the
second position.
21. The wide-angle optical system according to claim 1,
wherein the following conditional expression (135) 1s satis-

fied:

0.08<(1-P2F)xP3F><0.45 (15)

where,
B32F denotes a magnification of the second lens unit at the
first position, and
B3F denotes a magnification of the third lens unit at the
first position.
22. The wide-angle optical system according to claim 1,
wherein the following conditional expression (16) 1s satis-

fied:

0.15<(1-B2N?)xP3N?<0.55 (16)

where,
32N denotes a magnification of the second lens unit at the
second position, and
B3N denotes a magnification of the third lens unit at the
second position.
23. The wide-angle optical system according to claim 1,
wherein the second lens unit includes only a positive lens.
24. A wide-angle optical system having a lens component
which has a plurality of optical surfaces, and in the lens
component, two optical surfaces are 1n contact with air, and
at least one optical surface 1s a curved surface, the wide-
angle optical system comprising, in order from an object
side:
a first lens umt having a negative refractive power;
a second lens unit having a positive refractive power; and
a third lens unit having a positive refractive power,
wherein:
at a time of carrying out a focal-position adjustment from
a Tar point to a near point, the second lens unit 1s moved
from a first position toward a second position, the first
position being a position at which a distance between
the first lens unit and the second lens unit becomes
minimum, and the second position being a position at
which a distance between the second lens unit and the
third lens unit becomes minimum,
the third lens unit includes at least three lens components,
the at least three lens components including a first lens
component and a second lens component, the first lens
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component being a lens component located nearest to
an object in the third lens unit, and the second lens
component being a lens component located second
from the object side 1n the third lens unait,

cach of the first lens component and the second lens
component has a positive refractive power,

the first lens unit includes only a negative lens,

the negative lens has an Abbe number larger than an Abbe
number for a positive lens nearest to the object 1n the
third lens unit and

the following conditional expression (1) 1s satisfied:

0.8<f3L12/fL<6.0 (1)

where,

131.12 denotes a combined focal length of the first lens
component and the second lens component, and

fI. denotes a focal length of the wide-angle optical system
at the first position.

25. The wide-angle optical system according to claim 1,

wherein:

the first lens unit includes a plurality of negative lens
components,

the plurality of negative lens components include a first
negative lens component and a second negative lens
component,

the second negative lens component, among the plurality
of negative lens components, 15 a negative lens com-
ponent located second from the object, and

the following conditional expression (17) 1s satisfied:

~2.0<fL/R12F <5.0 (17)

where R12F _ denotes a radius of curvature of a surface on
the object side of the second negative lens component.

26. The wide-angle optical system according to claim 1,

wherein:

the first lens unit includes a fourth lens component and a
fifth lens component,

the fourth lens component i1s a lens component located
nearest to the object 1n the first lens unit,

the fifth lens component 1s a lens component located
second from the object side in the first lens unit,

the fourth lens component includes a negative lens com-
ponent,

the fifth lens component includes a cemented lens, and

the following conditional expression (18) 1s satisfied:

—1.0<fL/R12F,<0.5 (18)

where R12F, denotes a radius of curvature of a surface on
the object side of the fifth lens component.

277. The wide-angle optical system according to claim 1,

wherein:

the first lens unit includes a fourth lens component, a fifth
lens component, and a sixth lens component,

the fourth lens component 1s a lens component located
nearest to the object 1n the first lens unit,

the fifth lens component 1s a lens component located
second from the object side in the first lens unit,

the sixth lens component 1s a lens component located third
from the object side 1n the first lens unit,

the fourth lens component includes a negative lens com-
ponent,

the fifth lens component includes a negative lens compo-
nent,

the sixth lens component includes a positive lens com-
ponent, and the following conditional expression (19)
1s satisfied:

~1.0<fL/R12F <0.4 (19)
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where R12F . denotes a radius of curvature of a surface on
the object side of the fifth lens component.
28. The wide-angle optical system according to claim 1,
wherein:
the first lens unit includes a fourth lens component, a fifth
lens component, and a sixth lens component,
the fourth lens component 1s a lens component located
nearest to the object 1n the first lens unit,
the fifth lens component 1s a lens component located
second from the object side in the first lens unit,
the sixth lens component 1s a lens component located third
from the object side 1n the first lens unit,
the fourth lens component 1includes a negative lens com-
ponent,
the fifth lens component includes a lens component for
which an absolute value of a refractive power 1s smaller
than an absolute value of a refractive power of the
fourth lens component,
the sixth lens component 1includes a cemented lens, and
the following conditional expression (20) 1s satisfied:

~1.2<fL/R12F <0.2 (20)

where R12F ; denotes a radius of curvature of a surface on
the object side of the sixth lens component.

29. The wide-angle optical system according to claim 1,

wherein:

the first lens unit includes a fourth lens component and a
fifth lens component,

the fourth lens component 1s a lens component located
nearest to the object 1n the first lens unit,

the fifth lens component 1s a lens component located
second from the object side in the first lens unit, and

the following conditional expression (21) 1s satisfied:

~1.0<fL/fL12<0.4

where 1L.12 denotes a focal length of the fifth lens
component.

30. The wide-angle optical system according to claim 1,

turther comprising:

an 1mage-side lens component,

wherein:

the 1mage-side lens component, among a plurality of lens
components of the wide-angle optical system, 1s a lens
component located nearest to an 1mage, and the fol-
lowing conditional expression (22) 1s satisfied:

(21)

100x|f,| <IRpz,| (22)
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where,
t,, denotes a focal length of an image-side lens compo-
nent, and

R, denotes a radius of curvature of a surface on the image
side of the image-side lens component.
31. The wide-angle optical system according to claim 1,
turther comprising;:
an 1mage-side lens component; and
an optical element having zero refractive power,
wherein:
the image-side lens component, among a plurality of lens
components of the wide-angle optical system, 1s a lens
component located nearest to an 1image,
the optical element 1s located on h 1mage side of the
image-side lens component, and
the 1mage-side lens component and the optical element
are cemented.
32. The wide-angle optical system according to claim 1,
wherein the following conditional expression (23) 1s satis-

fied:

where,

y, . denotes a maximum i1mage height, and

w, _ denotes an angle of view corresponding to the
maximum i1mage height.

33. The wide-angle optical system according to claim 1,

wherein the following conditional expression (24) 1s satis-

fied:

ER2<4xfL/Fry (24)

where,

ER?2 denotes an eflective radius of a surface nearest to an
image of the second lens component, and

F ., denotes an effective F-value at the first position.

34. An 1image pickup apparatus comprising:

an optical system; and

an 1mage sensor which 1s disposed on an 1mage plane,

wherein:

the 1mage sensor has an 1mage pickup surface, and
converts an 1mage formed on the 1image pickup surface
by the optical system to an electric signal, and

the optical system 1s the wide-angle optical system
according to claim 1.
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